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TESTS OF A MIKADO-TYPE LOCOMOTIVE 
EQUIPPED WITH NICHOLSON THERMIC SYPHONS 


I. INTRODUCTION 


1. The Thermic Syphon.—The Nicholson Thermic Syphon has been 
generally available since 1918, and about 12 600 syphons are now in 
service on American and Canadian locomotives. Although in this in- 
terval the syphon has been subjected to numerous tests in road service, 
the results presented in this bulletin constitute the first published 
record of tests of this device in a locomotive testing plant, where the 
conditions of operation can be fully controlled. 

The syphon is illustrated and described in the body of the bulle- 
tin on pages 13 to 15. It is sufficient here to describe it roughly as 
a water-leg of triangular longitudinal section and rectangular cross- 
section, terminating at the bottom in a cylindrical neck. This neck 
is connected to the throat sheet of the boiler, while the long and narrow 
upper end is connected to the crown sheet. One or more syphons 
are thus applied in the firebox, depending upon its size; and in loco- 
motives with combustion chambers, additional smaller syphons are 
there applied. In the locomotive used for these tests two syphons 
were installed in the firebox. The function of the syphon is to stimu- 
late and accelerate the circulation of the boiler water, the very rapid 
evaporation within it drawing the cooler water from the throat; at 
the same time it provides additional and highly effective heating 
surface. 


2. Purpose of the Investigatton—tThe chief purpose of the tests 
the results of which are here recorded was to measure the coal and 
water consumed in a modern locomotive when operated, under rigidly 
controlled conditions, both with and. without syphons, in order to 
determine the magnitude of the fuel savings effected by this device. 
The tests were made during April, May, and June, 1930, in the Loco- 
motive Laboratory of the University of Illinois, on a 2-8-2 type loco- 
motive, which was tested, first without syphons, and again after they 
had been applied. 


3. Results of the Tests—Since the syphons directly affect only the 
boiler performance of the locomotive, the adopted criterion of per- 
formance was the evaporation per pound of dry coal. The locomo- 
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tive was operated at four rates of evaporation chosen to represent the 
ordinary range of boiler output in everyday service. At all rates of 
evaporation the syphon-equipped locomotive showed a definite and 
notable superiority over the non-syphon engine as regards both evapo- 
ration per pound of coal and boiler efficiency. The facts with respect 
to evaporation and efficiency are discussed in Chapter V, pages 28 to 
39; and the gains in these two measures of heat transmission are sum- 
marized in Table 5 and Table 7. 

The secondary results of the tests are presented in Chapter VI. 
Concerning them it is sufficient here to say that such factors of per- 
formance as rate of evaporation, steam pressure, steam quality, draft, 
speed, cut-off and back-pressure were practically the same with and 
without syphons. At the three higher rates of evaporation the degree 
of superheat in the steam was substantially the same with the syphons 
and without them, while at the lowest rate the non-syphon locomo- 
tive produced about twenty degrees more superheat. There were differ- 
ences in the temperature of the gases at various points in their pas- 
sage through the boiler, which are discussed on pages 46-49. 


4. Acknowledgments——This investigation was undertaken as one 
of the codperative researches of the Engineering Experiment Station 
of the University of Illinois, in codperation with the Illinois Central 
Railroad and the Locomotive Firebox Company of Chicago, which 
manufactures the syphon. The railroad company furnished the loco- 
motive, and all three agencies shared in the expense of conducting 
the tests. The general arrangements for the tests were negotiated 
with Mr. F. R. Mays, General Superintendent of Motive Power of 
the Illinois Central Railroad, and Mr. Grorcr R. Carr, Chairman of 
the Board of Directors, and Mr. Water 8. Carr, President of the 
Firebox Company. 

In accordance with the usual practice of the Experiment Station in 
carrying on such cooperative investigations, the general program for 
the research was laid down by an advisory committee composed of 
Mr. B. J. Freny, representing the Railroad Company, Mr. L. R. Pyup, 
representing the Firebox Company, and Epwarp C. ScHmupr, repre- 
senting the Station. The members of this committee not only defined 
the test program, but were either present or represented in the labora- 
tory throughout all tests. The conduct of the tests, however, the cal- 
culation and analysis of the results, and the preparation of the report 
were under the exclusive control of the Railway Engineering De- 
partment of the University, which acted for the Experiment Station, 
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and which assumes full responsibility for the validity of the tests and 
their results. 

’ Everett G. Youne and Herman J. ScHRADER, members of the 
Railway Engineering Department staff, were in direct charge of the 
tests and of the calculation of the data. Mr. ScHraprer was in charge 
of the laboratory and was responsible for the conduct of the tests, 
while Mr. Youna was responsible for the collection and correlation of 
the data and the calculation of the results. Both have had an im- 
portant share in the final analysis of the results and in the prepara- 
tion of this bulletin. 

As previously stated, this research has been a part of the work 
of the Engineering Experiment Station of the University of Illinois, 
of which Dran M. S. Kercuum is the director, and of the Depart- 
ment of Railway Engineering, of which Epwarp C. Scumipr is the 
head. 


Il. Tue LocomMorive AND THE SYPHONS 


5. General Design and Main Dimensions—The locomotive used 
for the tests was Illinois Central Railroad engine No. 1742, of the 
Mikado or 2-8-2 type, built in 1915 by the Lima Locomotive Works 
and bearing the builder’s serial number 5046. A photograph of a loco- 
motive of identical design is reproduced in Fig. 1. Its dimensions are 
given in detail in Appendix A; its principal dimensons are as fol- 
lows: 


Motal weight, in) workine Orden ear spr ian etter ec teisitenin tA taett ares 282 700 
Weircht.on leading truck lbsa nner np ttet teins tataete ttre tite aaeneraa 26 300 
Weieht onldriversalb.ts aves aackan  atetirtee carte aetna cient renateteh teeter 218 300 
Weight, onstrailinetrucks byes «een iey ie eer tater detente erent ees 38 100 
Cylinders (simple), diameter and strokesing....5....+ 44.09: 5502055-6 27 x 30 
Diameter of drivers (nominal inten pares eee oie te ree er 63 
Bireboxs leneth-and; width ins paqnies ck orikes romero eres el atlas ener 12054 x 84 
Grate area, so. iftit2 uy en oh Ghat, Sa Re ee es gets ee 70.4 
‘Boiler*pressture, Tov persqutuist ehh. sine ey cacriucest: onc oeee oae ay tect We eee eet nee 185 
Rated tractivestorce:(Ginvesp 40! Sons seater rtetetcn tee ne ene te were ee 54 588 


Without With 
Syphons Syphons 
Volumeoffireboxsabove ora ten cuiteen ii anette ener 346.0 336.0 
Heating surface—Area of the fireside surfaces of all heat-trans- 
mitting boiler parts, sq. ft.: 


Of the:tubes: and! tues. nw citer encenceencnertiarcues en crerol a ee 3401.2 3401.2 
Of-the firebox, includingtsy phonse mr aieeer terete 235.0 305.8 
Ot thesarch: tubese ty. sean aol sae eRe eee eter ae 31.6 15.8 
Motaliwater-evaporatinesuriaces. neni remieieisieclsereteniate 3667.8 3722.8 
Of Che: sUperhea tere os gs See rahe ha wpe ee Near we eae een te eee 1074.4 1074.4 
Motaltiuncluding super heatencw reser ean aCe nae ee 4742.2 4797.2 


The boiler, whose general design is shown in Figs. 18 and 19 
in Appendix A, is of the straight top, radial-stay type, composed of 
three ring courses and the back end. The steam dome is mounted 
over a 26-inch opening in the third course, with an auxiliary dome 
immediately behind it. Flexible stay-bolts are used in the throat 
and in the breaking zones of the back-head and sides of the firebox. 
The front four rows of crown stays are of the Tate expansion type, 
the remainder being ordinary button-head stays. The two front courses 
of the boiler are provided with “diamond” double-welt longitudinal 
seams, the inside welt being hexagonal. In the third course the longi- 
tudinal seam is combined with the dome liner. The firebox crown and 
side sheets are made in one piece, as is also the wrapper sheet. A 
“Security” brick arch is mounted on four 3-inch arch tubes. This 
mounting was altered when the syphons were installed. The grates 
are of the rocking finger type, with 12 shaking bars on each side of 
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the center, and a pair of 13%4-inch dump grates at the back. The 
openings in the grate amount to 25.89 sq. ft., or 36.8 per cent of the 
erate area. The only other air inlet to the firebox is the firedoor 
opening. 

The boiler was provided with a Type A superheater, built by The 
Superheater Company, and comprising thirty-six units and a header 
of the through-bolt type. The average distance between the return 
bends and the back tube sheet was 34 inches. The superheater damper 
was wired in the open position during the entire time the locomotive 
was in the laboratory. 

The front-end arrangement is shown in Fig. 18. There is no ex- 
tension stack, but the petticoat pipe extends up to the level of the 
stack opening in the smokebox, leaving a passage of about 147 sq. 
in. area around the petticoat into the stack. The inside diameter of 
the petticoat pipe is 1834 inches and it flares at the bottom to a diam- 
eter of 30 inches, the bottom being 13% inches above the top of the 
exhaust tip. The nozzle tip has a circular opening 614 inches in diam- 
eter and is provided with a *-inch knife-edge bridge, the edge of 
which is set 14 inch below the top of the tip. The table plate is a 
solid sheet; and the netting is composed of 44-inch wire, with openings 
346 inch by %4 inch. 

The valve gear is of the Walschaerts type, with forward motion 
taken from the bottom of the link, the return crank consequently 
lagging behind the main crank. The lap ‘and lead lever is driven by 
an arm on the crosshead. Miscellaneous engine equipment included 
a Franklin pneumatic butterfly-type firedoor, a Ragonnet pneumatic 
reverse gear, Simplex injectors, and Alemite lubrication on hub liners. 


6. Condition of the Boiler and Machinery.—During February and 
March, immediately preceding the tests, the locomotive had been 
given a general overhauling, and when received at the University it 
had run only 1470 miles in road service since leaving the shops. It 
arrived at the laboratory in excellent condition, and after being 
placed on the testing plant required only minor adjustments, such 
as guide alignment, piston-rod packing, valve setting, and the like— 
all of which were made by the railroad company’s machinists. During 
the progress of the tests the engine ran the equivalent of 4235 miles. 
The machinery remained in excellent condition. 

The boiler of the locomotive was likewise in first-class condition 
throughout its stay in the laboratory. The surfaces in contact with 
the boiler water were inspected upon arrival and were found to be 
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Fic. 2. Repropuction or A PHorocraAPH orf ONE or THE SYPHONS 
INSTALLED IN Locomorive No. 1742 


practically clean. Treated feedwater was used during the tests; and 
(examination of the boiler surfaces at the close of the first series* of 
{tests and again at the end of the second series showed that the only 
(deposit during the tests was a very thin powdery white coating, 
which could be easily wiped off with the hand. 

The boiler had been inspected when in the shops, and it was again 
i inspected and given a hydrostatic test after the syphons were installed. 
‘It remained tight, and throughout the tests there was no leakage 
whatever of water or steam. The injector overflow was piped back 
(to the laboratory feed tank; it amounted to only the initial overflow, 
‘since after beginning a test the injector setting remained practically 
constant, and the injectors were never started or stopped while the 
test was in progress. 

The steaming of the engine, from the outset, indicated that the 
drafting arrangements were satisfactory, and no change whatever was 
made in the front-end after it was received at the laboratory. The 


*For the sake of brevity the tests made before the syphons were applied are frequently 
referred to as Series I (tests Nos. 2701 to 2714 inclusive); whereas those made after the in- 
stallation of the syphons are called Series II (Nos, 2715 to 2731 inclusive). 
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Fic. 3. A View or THE THERMIC SypHON, SHOWING Irs GENERAL CONSTRUCTION 


front-end was inspected at the beginning of the tests, during their 
progress, and at their conclusion; everything in it remained intact. 


7. The Syphons.—Two syphons were installed in the locomotive 
before the beginning of the tests of Series II. A photograph of one 
of them is reproduced in Fig. 2, and a general view showing the 
syphon construction appears in Fig. 3. The sheets of the syphon are 
34 inch thick, and are spaced 3 inches apart; the lower bulbous por- 
tion is approximately circular in section and of 6% inches inside di- 
ameter. The center to center distance between the syphons is 20 
inches at the front and 19%4 inches at the back, the measurements 
being taken along the curve of the top of the crown sheet. The syphons 
were installed in accordance with the latest practice, which avoids 
the removal of any of the fire-tubes. Two of the arch-tubes were, 
however, discarded and the arch, after the syphons were in place, 
rested upon the two remaining tubes and upon the bulbous lower por- 
tion of the syphons. The arch extended back to the same point over 
the grates as before the syphons were put in. Figure 4 shows the 
syphons in position in the firebox. 

The syphons were installed by Illinois Central Railroad boiler 
makers under the personal supervision of the Chief Boiler Inspector. 
The work was done in the laboratory and without disturbing the 
mounting of the locomotive on the test plant. At the same time a 
slight play in the brasses of the right-hand main side-rod connection 
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was taken up; otherwise no change whatever was made in the loco- 
motive. It is to be emphasized, therefore, that except for the in- 
stallation of the syphons and the change in the firebox heating sur- 
face and volume thereby entailed, no change which could affect the 
performance of the locomotive was made between the tests of Series 
I and those of Series II. 


III. Tue Coau Usep 


8. Source, Preparation, and Composition of the Coal—The coal 


/used during the tests was supplied by the Illinois Central Railroad 
_and was produced at Mine No. 12 of the Madison Coal Corporation, 


located at Cambria, Williamson County, Illinois. It was run-of-mine 


-coal passed over a two-inch screen and designated as two-inch lump 


_coal. Twelve carloads, all mined and loaded on March 14, were 
' shipped to Champaign and there stored within the railroad company’s 
_roundhouse, whence it was brought to the laboratory, one carload at 
a time, as required. Geologically, this coal is designated as “Wil- 


uamson County No. 6.” The mine was chosen by the General Fuel 
inspector of the Illinois Central Railroad, and the coal was mined, 


: screened, and loaded under his personal supervision—all with a view 


of ensuring uniformity. From its arrival in Champaign until it was 
fired the coal was protected from the weather, being covered by canvas 
in transit to the laboratory and there held under roof. It was loaded 


} directly from the cars into the laboratory coal barrows. 


Coal analyses for each test are given in Appendix D. In order to 


-reveal the uniformity in chemical composition and heat value, there 


| are presented in Table 1 the average percentages of each constituent 


for all tests, together with the maximum and the minimum percentages 
found by analysis for any of the tests. 
In order to determine whether there was any significant variation 


-in the size of the coal from carload to carload, a sample from each 


car was separated, by screening, into four parts, whose range in size 
is specified in the column headings of Table 2. These parts were 
weighed and the weights converted into percentages of the weight 
of the sample. The samples for this purpose were 1000-pound bar- 
rows of coal which, in regular course, would have gone to the firing 
platform. They were taken at a stage of unloading the car at which 


it was judged a characteristic sample would be obtained. The re- 


‘sults of these screen analyses of the various carloads are presented 
‘in Table 2. Figure 5 is a reproduction of a photograph of the four 


parts into which the screening sample for the eighth carload was 


: separated. The pile toward the rear is a full 1000-pound sample; the 


four piles in front are the constituents of a similar sample. 
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TABLE 1 
CurmricaL ANALYSIS AND CALORIFIC VALUE OF THR COAL 


Average Maximum Minimum 
Value for Value for Value for 
All Tests Any Test Any Test 
Proximate Analysis of Coal, as Fired: 
Moistirespericen tu any mcs. ome eras ater oie a aero 5.37 6.31 4.69 
Volatile Matter: per centanns nates ss cae aesmaiher retnacatieaie haere earenns 85.54 38.10 33.78 
Hicedi Carboniuper CeNtreun iis cawsenecitotrce nanan etree 47 22 48.96 44.61 
PABINA POI CODb: «, Acticccatiestaes chateci jargisieunte atti nt es Ty seektuerns ea Romer sto une Bes 11.87 13 .38 10.34 
Sulphur, separately determined, per cent 3.58 4.54 2.95 
Ultimate Analysis of Coal, as Fired: 
Garbon, per! cents. jevekicistoclee. od eet tress! saute, oarec iRSHe areal svete sept ier ate 64.45 67.44 62.56 
Hydrogen.t percent acacia tt etasase git sete aan ene TET Are cane 4.86 B27 4.41 
Nitrogen: | pericentimeuc css kan ea eaiaei ae Goo ieime ae ueemeantn 1.10 1.23 0.92 
Oxygen sper cent in kare eacartie alata mtn ea oa acne ine te eC ea 8.77 10.44 7.36 
Calorific Value of: 
Capi raarired! B dal, .tdcccasacstuictanad scera a gist bens eres soe ete aa oe eta 11 890 12 133 11 623 
Dry. Coal (Bititic. book clerks Cees OO a San CTD ee ote 12 563 12 910 12 201 
2 = 


TABLE 2 
ScREEN ANALYSIS OF THE CosL 


Percentages of the Various Sizes of Which the 
creening Sample Was Composed 
Numbers of the Tests 
Number of the During Which Coal 
Carload from This Carload Coal Passing Coal Passing 
Was Used Coal Passing over|through a 3-inch,|through a l-inch,| Coal Passing 
a 3-inch Sereen and over a and over a through a 
1-inch Screen 14-inch Screen 14-inch Screen 
First 2701-2704 incl. 38.3 53.3 4.3 4.1 
Second 2705-2708 incl. 43.3 39.3 6.8 10.6 
Third 9709-2713 incl. 31.4 49.0 9.2 10.4 
Fourth 2714 39.1 45.5 7.4 8.0 
Fourth* 2715-2717 incl. 22.3 46.8 12.2 18.7 
Fifth 2718-2722} incl. 47,2 44.3 3.4 5.1 
Sixth 2722}-2726 incl. 47.1 43.1 4.0 5.8 
Seventh 2727-2730 incl. 47.6 39.9 5.4 oy! 
Eighth 2731t 34.5 61.7 6.9 6.9 


*After the completion of test No. 2714 the coal remaining in the original fourth car was transferred to another car 
by means of a clam-shell bucket, some breakage resulting therefrom. A second screen analysis was therefore made of the 
transferred coal. Of the tests upon which the final conclusions are based, the only one in which this re-handled coal was 
used is No. 2716, which is a test at the lowest rate of evaporation used. This test was of full length and it gave results 
in accord with others in its group; it was agreed by all concerned that the excess fine coal resulting from the re-handling 
probably had had little, if any, effect at the low draft which prevailed at this low rate of evaporation. Test No. 2717, 
run at a higher rate of evaporation, was rejected on account of the excess of fine coal. Test No. 2715 was rejected because 
it had been discontinued after only 10 000 lb. of coal had been fired. 

F Ne the coal fired during test No. 2722, 13 000 lb. of coal were taken from the fifth carload, and 7000 Ib. from 
e sixth. 

{Of the coal used during test No. 2731, 6000 lb. were taken from the seventh carload, 2000 lb. were a mixture of 

coal from the seventh and eighth cars, and 12 000 lb. were from the eighth carload. 
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IV. Test ProGraM AND PROCEDURE 


Only the principal facts concerning test procedure are here pre- 
sented. Further explanations concerning test methods and equipment, 
such as the collection of stack cinders, the sampling of the coal, the 
measurement of temperatures, and the like, are given in Appendix B. 
The test methods and procedure were, in general, in accordance with 
the requirements of the American Society of Mechanical Engineers’ 
Test Code for Steam Locomotives. Where it has been necessary to 
deviate from these requirements, that fact is specifically stated in this 
bulletin. 


9. General Procedure and Program.—wUnder the decisions of the 
Advisory Committee, tests were run, in each series, at four rates of 
evaporation—nominally 17 500, 27 500, 37 500, and 45 000 pounds 
per hour (actual evaporation). These rates were chosen to represent 
the usual range in evaporation rate of Engine No. 1742 in road service. 
The test conditions were so set as to attain in Series IT the same rates 
of evaporation as in Series I; and although this similarity was not 
precisely realized at all rates, the difference between the two series is 
small, the maximum difference in average rate being only 2.4 per cent. 

The other main test conditions prescribed by the Advisory Com- 
mittee were that not less than 20 000 pounds of coal be burned in 
each test, and that the program be continued until, in each series and 
at each rate of evaporation, three tests had been secured whose results 
should be in such close agreement as to establish a reliable average 
result for the rate in question. That this last purpose was attained is 
disclosed by consideration of the evaporation values which are pre- 
sented in Chapter V. In order to avoid the disturbance arising from 
blowing safety valves, all tests were run at a nominal steam pressure 
of 182 pounds instead of at the usual working pressure of the locomo- 
tive (185 pounds). 

On the assumptions that the coal used would be substantially uni- 
form in quality throughout all tests and that the conditions of boiler 
operation could be maintained alike, it was agreed at the outset that 
the performance of the locomotive with and without syphons should 
be judged by comparing the evaporation and the coal consumption in 
the two series of tests; and that conclusions with respect to the savings 
effected by the syphons should rest upon a comparison of the values 
of equivalent evaporation per pound of dry coal equivalent evapora- 
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TABLE 3 
DURATION OF THE TESTS AND AMOUNT OF CoAL FIRED 


Series I—Without Syphons Series II—With Syphons 
Duration Coal Fired Duration Coal Fired 
Test of Test During Test Test of Test During Test 
Number Number 
hr. lb. hr. Ib. 
2701 5.567 20 000 2715* 3.000 10 082 
2702 8.033 20 000 2716 8.567 20 000 
2703 8.083 20 000 2717* 5.817 20 000 
2704 5.450 20 000 2718 3.100 20 000 
2705 3.500 20 000 2719 8.800 20 000 
2706 7.767 20 000 2720* 5.700 18 635 
2707 5.400 20 000 2721 3.133 20 000 
2708 3 417 20 000 2722 3.917 20 000 
2709* 3.000 20 000 2723 3.850 20 000 
2710 2.850 20 000 2724 8.733 20 000 
2711* 2.200 15 160 2725 6.100 20 000 
2712 2.850 20 000 2726* 2.800 17 700 
2713 2.850 20 000 2727* 3.583 17 825 
2714 3.533 20 000 2728 6.117 20 000 
2729 5.967 20 000 
2730 3.150 20 000 
2731 3.850 20 000 


*These tests are excluded from those from which the final conclusions are drawn. 


tion being used, instead of actual evaporation, in order to compensate 
for the slight variations in feedwater temperature, steam pressure, and 
superheat which occur from test to test. 

The locomotive was first tested in the condition in which it was 
received at the laboratory, that is, without the syphons; and, as previ- 
ously stated, these tests are designated as Series I. The tests made 
after the installation of the syphons are called Series II. During the 
entire main investigation 31 tests were run, numbered from 2701 to 
2731 inclusive. Their duration and the amount of coal fired per test 
appear in Table 3. Seven of these 31 tests (marked with the asterisk 
in Table 3) failed in some respect to meet the prescribed conditions, 
and they are therefore not included among the tests upon which the 
main results and conclusions, presented in the body of the bulletin, 
are based. The results of these seven tests are, however, given in the 
general tables of results in Appendix D. Test No. 2709, which was 
intended to be the first test at the highest rate of evaporation, proved 
to have developed a rate lower than was desired; it has no counter- 
part in Series IT, and is rejected on that account. Tests 2715 and 2717, 
both run at the second rate of evaporation, were fired with coal which 
had been transferred from the original car into another by means of a 
clam-shell bucket, resulting in breakage and an excess of fine coal. 
They are rejected because this excess, at the draft prevailing at this 
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rate of evaporation, was deemed likely to entail undue cinder loss. 
During test 2715, furthermore, only 10 082 pounds of coal were fired. 
On account of difficulty with supporting-wheel bearings, with the ab- 
sorption brakes, or because of the failure of other laboratory equip- 
ment, five tests had to be discontinued before the specified 20 000 
pounds of coal had been fired; these tests are No. 2715, previously re- 
ferred to, and also Nos. 2711, 2720, 2726, and 2727. These five tests 
are rejected because of the shortage in coal fired, notwithstanding the 
fact that all except No. 2715 gave results which are in fairly close 
agreement with those of the accepted tests at like rates of evapora- 
tion. 

There remain therefore 24 tests which comply in all respects with 
the requirements laid down by the Advisory Committee—twelve tests 
in each series; and, in each series, three tests at each rate of evapora- 
tion. The conclusions with respect to the relative performance of the 
locomotive with and without syphons rest exclusively upon these 24 
tests, whose numbers appear in the following list: 


Series I—Without Syphons Series [I—With Syphons 
First Second Third Fourth First Second Third Fourth 
Rate Rate Rate Rate Rate Rate Rate Rate 
2702 2701 2705 2710 2716 DONS: pee 2718 
2703 2704 2708 Dae 2719 2728 2723 2721 
2706 2707 2714 Dies 2724 2729 2731 2730 


One supplementary test, with a special purpose, was made after 
the conclusion of the main investigation. This is called test No. 
2732 and is referred to in Chapter VI and in Appendix C. 


10. Firing and Handling the Coal.—During all tests the locomotive 
was hand-fired by the so-called “‘level firing’ method. The fireman, 
Mr. Kelly Taylor, was chosen for the laboratory work by Mr. B. J. 
Feeny. Mr. Taylor is one of the regular firemen on the Illinois Di- 
vision of the Illinois Central Railroad, has been eighteen years in 
service and stands near the head of the list for promotion to engine- 
man. Although he had not previously fired in the test plant, he readily 
adapted himself to laboratory conditions, and his capability and skill 
were constantly evident. The fireman’s performance having been 
established in preliminary runs to the satisfaction of the Advisory 
Committee, he was thereafter free from interference; his work, how- 
ever, was under constant observation and, at the conclusion of each 
test, was agreed to by Messrs. Feeny and Pyle as having been satis- 
factory to them. 

The firing was of quite unusual uniformity and regularity, as is 
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evidenced by the very narrow range within which the time required 
to burn ten tons of coal varied in successive tests at each rate of 
running. The most striking example of this regularity is afforded by 
the three tests run without syphons at the highest rate of evapora- 
tion (tests 2710, 2712, and 2713). These tests each lasted 2.85 hours, 
the variation between them being less than one minute. Among the 
three corresponding tests with the syphons the maximum difference 
in duration was 3 minutes. Among the tests at the lowest rate of 
evaporation, which lasted about eight hours, the maximum differ- 
ence in duration was 19 minutes for the tests of Series I, and 14 min- 
utes for those of Series II. For the two intermediate rates these differ- 
ences lie between those just cited. 

The coal was received in side-dump cars which were discharged 
upon a concrete pavement. It was shovelled from this pavement into 
the laboratory barrows, each holding about a thousand pounds; the 
largest lumps, such as are ordinarily broken on the engine deck, 
being broken down at this time. The barrow was then taken to the 
weighing scales, where the load was adjusted to exactly 1000 pounds; 
and from there it was elevated to the firing platform. During the 
firing-up period, coal was dumped upon the firmg platform as was 
convenient, and during the last few minutes before the beginning of 
the test proper, the coal on the platform was reduced to an amount 
that could quickly be removed. It was so removed immediately be- 
fore the beginning of the test, and, at the signal for the start, the first 
barrow of test coal was dumped upon the thoroughly clean platform. 
Thereafter coal was dumped as each barrowload was used up and 
the platform cleaned. If it became necessary to stop a test before 
firmg the entire ten tons, the coal remaining on the platform at the 
time of the stop was shovelled back into the barrow and weighed; 
otherwise the last shovelful fired was the sweepings from the platform 
after the twentieth barrowload was used up. During the progress of 
the test a coal-passer on the platform kept the coal pushed over to the 
right side of the fireman, within convenient reach; his operations 
were thus better facilitated than they would ordinarily be in road 
service. 


11. Starting and Stopping the Tests—For all tests the fire was 
built up from a clean grate, the time until full boiler pressure was at- 
tained averaging about three hours. After the steam pressure had 
been built up, the locomotive was run through a period varying, from 
test to test, from fifteen minutes to half an hour, while the speed and 
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load required for the desired evaporation rate were being established. 
Thereafter the locomotive was run for a further period of fifteen min- 
utes or longer in order to establish the final setting of the injector, 
to obtain the desired water level in the boiler, and to ensure that all 
other conditions of operation were steady; thereupon the test was 
started. 

At the start the fire was, on the average, about six inches thick; 
in, a few instances, due to delay in starting, it was a little thicker. In 
paragraph 30 of the A.'S.M.E. Test Code it is implied that the firebed 
ought to be so manipulated as to have at the end of the test about 
the same thickness as at the beginning. Such manipulation proved to 
be impracticable in these tests, for the shaking of the grates entailed 
by this requirement would have disturbed the condition of the fire 
and would have thrown a large amount of combustible into the ash- 
pan. The shaking of the grates, therefore, was left to the judgment 
of the fireman, and in all tests the firebed increased in thickness, as 
the test progressed, by eleven or twelve inches, the thickness at the 
end varying from 17 to 19 inches, in most instances. The fire was 
maintained as nearly level as practicable during the progress of the 
tests, and in almost all tests it was level at the beginning and at 
the end. 

All tests in which the full ten tons of coal were fired were stopped 
as follows: When the last few shovelfuls of the twentieth barrow- 
load were about to be fired, a representative of the University, to- 
gether with Mr. Feeny and Mr. Pyle, took position to observe the 
steam gauge. The steam pressure was noted at the moment the last 
shovelful was fired. As the firing ceased the pressure soon began to 
fall; and when the three observers agreed that it had fallen to 2 
pounds less than the pressure first noted, the test was declared closed, 
and the time recorded. The interval between firing the last shovelful 
and the end of the test varied, from test to test, from 14% minute to 
214, minutes, depending chiefly upon the rate of evaporation. The 
five tests in which less than ten tons of coal were fired were all stopped 
without warning, because of emergencies. In these tests all final obser- 
vations were made as promptly as possible after the stop. 


12. Boiler Feeding—Before beginning the regular tests the loco- 
motive had been run enough to establish the fact that, at the lower 
rates of evaporation desired, the usual injector equipment—two Sim- 
plex No. 11 injectors—could be used only by shutting off the injector 
several times in the course of the tests. A No. 10 injector was con- 
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sequently substituted on the left side; this, at a low rate of discharge, 
provided the 16 500 pounds of water needed at the lowest rate of 
evaporation, and was adequate at the second rate. For the third and 
fourth rates the remaining No. 11 injector proved suitable. In all 
tests the operation of the injector was continuous and uniform, and 
the required rates of delivery were so nearly attained that the greatest 
variation in height of water in the gauge-glass between the beginning 
and the end of the test was 234 inches. In several tests the height 
was the same at the end as at the beginning. 


13. Control of Speed and Cut-off—The speed of the engine was 
controlled by controlling the water-pressure within the absorption 
brakes. It was at all times maintained nearly constant and close to 
the rate desired in the various tests. Among all the tests the greatest 
variation of the average speed for the test from the desired speed 
is 0.45 r.p.m. in 120, or % of one per cent; and for 26 out of 31 tests 
this variation is less than 4 9 of one per cent. Variations in speed, 
from time to time, within the tests were no greater than those just 
cited. 

Constant cut-off during any test was ensured by fixing the posi- 
tion of the crosshead of the power reverse gear. Three steel bars were 
prepared, of varying lengths, based upon the nominal cut-offs as de- 
termined by analysis of the valve gear drawings. These lengths were 
checked by trial on the locomotive and found to be suitable. For any 
of the three desired cut-offs, one of these bars was placed between the 
head of the cylinder of the reverse gear and the crosshead, and the 
latter was then drawn tightly against the bar by means of air pressure. 
Thus set, the cross head was fixed in position by two set screws bear- 
ing upon the guide. Among tests of like nominal cut-off there was 
no difference in cut-off except that occasioned by wear of the pins in 
the valve gear and by variation in distortion of the gear due to varia- 
tion in speed. 


14. Weighing the Coal and the Water—The coal scale is perma- 
nently set at a point in the route of the coal barrows to the firing plat- 
form. The poise on the tare beam of this scale was set to balance the 
weights of the empty barrows, which had been equalized before the 
tests began. The net-weight beam was kept constantly weighted for 
1000 pounds; and in passing over the scale a small amount of coal 
was added to or taken from the barrowload to bring its weight to 
exactly this amount. These scales, and those for weighing the feed- 
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water also, were calibrated frequently during the progress of the 
tests. Such errors as were found, although invariably insignificant in 
amount, were compensated by resetting the poise on the tare beams. 
The observer responsible for the coal weighing kept a record of weights 
and the time of dumping each barrowload upon the firing platform. 
His records were subjected to various checks. Several observers kept a 
record of the time required to fire each barrowload and of the ac- 
cumulated time for all loads; the coal-passer chalked up in a con- 
spicuous place the serial number of the barrowload, then in process 
of being fired; and the shovellers loading the barrows at the car kept 
a separate barrow tally. 

The boiler feedwater was weighed in two tanks, each holding a 
maximum of about 2200 pounds, and so arranged that one tank was 
emptying into the main feed tank while the other was being filled 
from the feedwater supply line. The weighing tanks were mounted on 
separate scales, each of which had a tare beam upon which the weight 
of the empty tank could be balanced. The water in the main feed tank 
was kept at nearly constant level so that the injectors should work 
against practically constant head. The observer responsible for weigh- 
ing the water kept a record of the net weight and the time of emptying 
each tank. Since the water was fed to the locomotive at constant 
rate, the failure to record two tankfuls of water would have been im- 
mediately obvious—failure to record one would have been impossible, 
‘on account of the alternation of the process. 


V. Main RESULTS OF THE TESTS 


Only the chief measures of boiler performance, namely, evapora- 
tion per pound of coal and boiler efficiency, are here presented. These 
results are derived from the 24 accepted tests cited on page 22. Other 
elements of performance are given in Chapter VI. 


15. Equivalent Evaporation—Table 4 shows the values of equiva- 
lent evaporation per pound of dry coal for each of the tests, and also 
its average value for the three tests run at each of the four evapo- 
ration rates, in each series. These values are plotted in Fig. 7, where 
the upper curve shows the results for the tests of Series I, without 
the syphons; while the curve in the center of this figure gives the 
results for Series II, with the syphons. The circles plotted in Fig. 7 
represent the values for the imdividual tests,* whereas the round 
spots represent, for each of the four rates of evaporation, the average 
evaporation per pound of coal at the average rate of evaporation. 
The curves drawn in this figure are made to pass through these spots 
representing the average values, and they are accepted as defining 


the test performance of the boiler without and with syphons, respec- | 


tively. In order to facilitate comparison, these curves and the plotted 
average values are duplicated and brought together at the bottom of 
Fig. 7. 

As is always the case in a locomotive, the equivalent evaporation 
per pound of coal falls off, in general, as the rate of evaporation in- 
creases, due to the decrease in boiler efficiency which accompanies 
higher rates of evaporation and combustion. Because of this decrease, 
and because the evaporation rates for the two series of tests are not 
precisely alike, the average values plotted in Fig. 7 are not directly 
comparable. Considering, for example, the third rate of hourly evapo- 
ration as exhibited in Table 4 and at the bottom of Fig. 7, we find 
that without syphons, the average evaporation per pound of coal was 
8.79 pounds and the average hourly evaporation was 47 572 pounds; 
whereas with the syphons, the evaporation per pound of coal was 9.55 
pounds and the hourly evaporation, 46 664 pounds. In order to com- 
pare these values of evaporation per pound of coal they must be ad- 
justed to what they would have been at some common hourly rate 
of evaporation. The common hourly rate chosen for this adjustment 


*The numbers affixed to these circles are the last one or two numerals of the test numbers. 
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TABLE 4 
Borer PERFORMANCE—MAIN RESULTS 


Test Conditions A 

(Nominal) Dry Coal Equivalent yaa Boiler 
F Evapo- Test Burned Evaporation | per Pound Efficiency 
Series ration Number per Hour per Hour of Dry Coal : 

Rate Speed, | Cut-off, 

R.P.M.|Per Cent} Pounds Pounds Pounds Per Cent 

Series I First 2702 80 25 2351 21 809 9.28 70.14 

‘Without 2703 2335 21 277 9.11 68.77 

Syphons 2706 2416 21 737 9.00 68.65 

Averages 2367 21 608 9.13 69.19 

Second | 2701 120 30 3369 31 334 9.30 (ph 3 

2704 3461 32 232 9.31 71.06 

2707 3513 31 604 9.00 69.50 

Averages 3448 31 723 9.20 70.76 

Third 2705 120 45 5382 46 924 8.72 67.62 

2708 5484 47 857 8.73 65.59 

2714 5381 47 935 8.91 69.72 

Averages 5416 47 572 8.79 67.64 

Fourth 2710 180 45 6650 57 253 8.61 67.26 

2712 6676 55 912 8.38 65.76 

2713 6685 56 107 8.39 66.74 

Averages 6670 56 424 8.46 66.59 

Series II | First 2716 80 25 2209 21 577 9.77 76.93 

With 2719 2161 21 573 9.98 78.13 

Syphons 2724 2176 21 532 9.90 77.80 

Averages 2182 21 561 9.88 77.62 

Second 2725 120 30 3120 31 027 9.94 76.26 

2728 3079 30 860 10.02 76.55 

2729 3174 31 006 9.77 75.51 

Averages 3124 30 964 9.91 76.11 

Third 2722 120 45 4832 46 947 9.72 75.61 

2723 4915 46 870 9.54 73.26 

2731 4925 46 175 9.38 73.47 

Averages 4891 46 664 9.55 74.11 

Fourth 2718 180 45 6121 54 796 8.95 70.10 

2721 6046 55 634 9.20 70.46 

2730 6007 54 743 9.11 69.23 

Averages 6058 55 058 9.09 69.93 


is the mean of the actual hourly rates, and in this instance this rate 
is (47 572 + 46 664) +247 118 pounds per hour. This mean 
rate is represented in Fig. 7 by the vertical line c. In other words, 
in order to determine the relative standing of the non-syphon and the 
syphon-equipped locomotive we must resort to the curves of Fig. 7 
instead of to the direct test averages; and, for the third rate of evapo- 
ration, use values of evaporation per pound of coal derived from the 
curves at the hourly rate represented by the line c. At the point where 
the curve for Series I intersects the line c the equivalent evaporation 
per pound of dry coal amounts to 8.80 pounds; and the curve for 
Series II cuts this line at a point representing 9.53 pounds of equiva- 
lent. evaporation. These two values—8.80 and 9.53—apply to a com- 
mon hourly rate (47 118 pounds) and they are, consequently, directly 
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Coat, at Various Rates or Evaporation 


To facilitate comparison, each of the two upper curves in this figure is duplicated in the 
lower pair, which are plotted on a common system of codrdinates. 


comparable. They are accepted as defining the evaporative per- 
formance of the boiler without and with syphons, respectively, at the 
third rate of evaporation. The gain in evaporation effected by the 
syphons at this rate is, therefore, 9.53 — 8.80 — 0.73 pounds; and the 
percentage gain is (0.73 ~ 8.80) 100 — 8.30 per cent. The average 
test results for the three other rates of evaporation have been simi- 
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TABLE 5 


EQUIVALENT EVAPORATION PER Pounp or Coat, ADJUSTED TO A 
Common Evaporation RATE 


Equivalent Evaporation 
per Pound of Dry Coal Increase in the Equivalent Evaporation 
Equivalent per Pound of Dry Coal Due to Syphons 
Ey és Evaporation 
ep anon per Hour Series I Series II 
ate Without With 
Syphons Sy phons Pounds 
(Col. 4- Per Cent 
Pounds Pounds Pounds Col. 3) (Based on Col. 3) 
1 2 3 4 5 6 7 
First 21 608 9.13 
- 21 561 9.88 
Mean (line a) 21 585 9.13 9.88 0.75 8.21 
Second 31 723 9.20 
; 30 964 9.91 Average 
Mean (line b) 31 344 9.20 9.91 0.71 7.72 | for All 
} | Four 
Third 47 572 8.79 Rates 
; 46 664 9.55 7.74 
Mean (line c) 47 118 8.80 9.53 0.73 8.30 
Fourth 56 424 8.46 
55 058 9.09 
Mean (line d) 55 741 8.48 9.05 0.57 6.72 


larly adjusted, and the test averages together with the final adjusted 
values are assembled in Table 5. It is to be noted that the adjusted 
values for the first and second evaporation rates given in this table 
are the same as the actual average test results. This is merely be- 
cause the adjustments are so small as to be negligible, due to the facts 
that the differences between the actual hourly rates of evaporation 
for the two series are very small, and that the curves in Fig. 7, where 
they intersect the lines a and b, are nearly horizontal. 

In column 5 of Table 5 are shown the increases in evaporation 
per pound of dry coal effected by the syphons at each of the four 
hourly rates of evaporation; and column 6 shows these increases ex- 
pressed as a percentage of the evaporation secured without the sy- 
phons. The general average increase, combining all four rates, appears 
in column 7. These three columns of Table 5 consequently embody 
the main results of the whole investigation, which may be summarized 


as follows: 


Rate of Increase in Equivalent Evaporation 
Equivalent Evaporation per Pound of Dry Coal 

per Hour Effected by the Syphons 
BN SO HY Ba c:1i/ tia /s ns neem eep a Gs ode FE Ke + oes Ht 8.21 per cent 
Sigorng! GH SL EUG oye Ald Meine me one ito-c & cert amen Reena tare ior aia 7.72 per cent 
LUMA ml Sl errs ct oe 2 pee a su cede gee tiweert areal - 8.30 per cent 
ROTTED LIMES COM AE UN LL) oe eter ass «el RN Ice a ie dee eee en, an 6.72 per cent 


General Average Increase for All Four Rates.................+--. 7.74 per cent 
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Fig. 8. Curves SHowine Garin in EVAPORATION PER Pounp or Coau AND 
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These results show that under the conditions which prevailed during 
the tests, locomotive No. 1742 generated 8.21, 7.72, 8.30, or 6.72 per 
cent more steam per pound of dry coal when equipped with syphons, 
than when not so equipped—at the respective hourly rates of evapo- 
ration here shown. These percentage increases are plotted in the upper 
part of Fig. 8 in order to show the relation between the gain in evapo- 
ration and the hourly rate of evaporation. 
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The general test conditions have been explained in Chapter IV 
and the specific conditions are exhibited in detail in Chapter VI. In 
discussing these main results of the tests it is pertinent, however, to re- 
emphasize the fact that among the tests of Series I and Series II there 
was unusual uniformity of operating conditions. Although, as previ- 
ously stated, the use of equivalent evaporation as the criterion of per- 
formance compensates for such differences in feedwater temperature, 
steam pressure, steam quality, and superheat as did exist between 
the two series, it is proper to point out—since it is a fact of practical 
importance—that the degree of superheat attained with and without 
the syphons was substantially the same at the three high rates of 
evaporation; and that at the lowest rate the average superheat with 
the syphons was only 20 degrees less than without them. 

The four rates of evaporation used during the tests were so chosen 
as to represent the ordinary range in evaporation rate for this engine 
in daily service, and the rates attained do fairly represent the service 
range. The average maximum rate for each of the two series of tests 
was as follows: 


Series I Series II 

Without Syphons With Syphons 
Actual Evaporation, lb. per hr............... 41 956 40 872 
Equivalent Evaporation, lb. per hr........... 56 424 55 058 


It is not likely that a locomotive of this type and size would be 
worked at a higher rate than this, except for occasional and very 
short periods. In attempting to predict from the test results what 
gain would accrue from the use of syphons in the daily road operation 
of such a locomotive, it must be borne in mind that the test results 
at the four rates of evaporation are not equally significant, and that 
the average performance on the road would not necessarily be the 
same as the general average test performance; because in road service 
some one or two rates of evaporation may preponderate over the 
others. Under the modern striving for maximum ton-miles-per-hour 
output, it is likely that such a locomotive would, on the road, operate 
for longer periods at the higher rates of evaporation—the prevailing 
rate depending, of course, upon the operating policy, the conditions 
of traffic, and the road profile. If, under the conditions existing in a 
given case, the third test rate should predominate, the average daily 
gain in evaporation per pound of coal effected by the syphons would 
be somewhat greater than the general average gain of 7.74 per cent 
shown during the tests. 

As will later appear from the discussion in Chapter VI and in 
Appendix C, the syphon is especially advantageous during the period 
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of building up the fire and attaining full steam pressure; and this 
advantage repeats its influence after each stop of considerable length. 
During the tests, however, the engine was run continuously and in 
them, consequently, this advantage could make itself felt only once. 
If, therefore, the conditions of road service are such as to entail fre- 
quent stops of considerable duration, it may be expected that the 
gains effected by the syphons at all rates of evaporation will be greater 
than the gains shown during the tests. 


16. Boiler Efficiency—The values of boiler efficiency* attained 
during each test, and also of the average efficiency for the three tests 
run at each of the four evaporation rates, in each series, appear in the 
last column of Table 4. The corresponding hourly rates of evapo- 
ration are shown in the seventh column. These values are plotted in the 
upper part of Fig. 9, where (as in Fig. 7) the circles represent tne 
efficiency values for individual tests, while the round spots represent, 
for each of the four rates of evaporation, the average result at the 
average hourly evaporation rate. 

For convenience in comparing them, these average values are as- 
sembled in Table 6, which shows, therefore, for each evaporation rate 
in each series, the direct results of the tests. From column 4 of Table 
6 it appears that without the syphons the average efficiency was 69.19, 
70.76, 67.64, and 66.59 per cent at the respective evaporation rates; 
whereas with the syphons the corresponding efficiency values are 77.62, 
76.11, 74.11, and 69.93 per cent. At all rates of evaporation there- 
fore the syphon-equipped boiler operated at higher efficiency, by 
amounts which appear in column 5. When these amounts are ex- 
pressed as percentages of the respective efficiency values attained 
without the syphons, we find that the increase in efficiency due to 
syphons is 12.18, 7.56, 9.57, and 5.02 per cent at the first, second, 
third, and fourth rates of evaporation, respectively. These percentage 
increases are shown in column 6. 

If the quality of the coal had been the same throughout, and if 
in each group the rates of evaporation had been exactly the same in 
both series of tests, we would expect—in view of the uniformity of 
other test conditions—that these increases in efficiency would be nearly 
the same as the increases in evaporation per pound of dry coal dis- 
cussed at the beginning of this chapter. This, however, is not the 
case. In order to facilitate comparison these percentage increases in 


*Boiler efficiency here has its usual significance; namely, the ratio of the heat units 
transmitted to the steam to the heat units in the coal fired. 
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TABLE 6 
Boitrr Errictency, Basep Upon THE AVERAGE Direct Resutts or THE TESTS 


Percentage, Average Heating Value of 
: ‘ ; Percentage] Gain in the Dry Coal 
Evapo- With or | Equivalent | Average | Difference | Gainin | Evapora- 
ration Without | Evaporation | Boiler in Eff- | Efficiency | tion. Ad- B.t.u. per Pound 
Rate Syphons per Hour | Efficiency | ciency Due to justed 
Syphons, Values | 
Based on from For Each | Difference be- 
Pounds Per Cent | Per Cent | Series I Table 5 Series tween Series 
1 2 3 4 5 6 ‘f 8 9 
First Without | 21 608 69.19 12 802 | 452 more 
; 8.43 12.18 8.21 without 
With 21 561 77.62 12 350 syphons 
Second | Without | 31 723 | 70.76 | 12616 | 18 more 
: 5.35 7.56 (gree | with 
With 30 964 76.11 12 634 syphons 
Third Without 47 572 67.64 12 605 114 more 
; 6.47 9.57 8.30 without 
With 46 664 74.11 | 12 491 syphons 
Fourth Without 56 424 66.59 12 325 285 more 
3.34 5.02 72 with 
With 55 058 =| = 69.93 12 610 syphons 
All Rates Without | General Average Values forAll Four | 12 587 | 66 more 
j Rates of Evaporation. 8.58 Clee | without 
With 1) 22521 syphons 


evaporation per pound of coal are repeated in column 7 of Table 6; 
and, for the same purpose, the average heating value of the coal and 
the differences in heating value for the two series of tests are pre- 
sented in columns 8 and 9. Comparing columns 6 and 7, it is apparent 
that the gain in efficiency and the gain in evaporation are not alike 
at any of the evaporation rates; the most notable difference occur- 
ring at the lowest rate, where the gain in efficiency is 12.18 per cent, 
whereas the gain in evaporation per pound of coal is 8.21 per cent. 
This difference is doubtless due in large measure to the difference 
which existed, at this rate of evaporation, between the heating values 
of the coal with and without syphons, and which amounts to 452 
B.t.u. At this rate the syphon-equipped locomotive generated 8.21 
per cent more steam per pound of dry coal than the non-syphon loco- 
motive, notwithstanding the fact that the heating value of the coal 
supplied to it was inferior by 452 B.t.u. Since in this instance the 
evaporation rates for the two series are almost identical (21 608 and 
21 561 pounds per hour), the influence of rate of evaporation upon 
efficiency is obviously not responsible for the difference under dis- 
cussion, and this difference must be attributed largely to the varia- 
tion in quality of the coal. The inference is unescapable that had the 
syphon-equipped locomotive not happened to be furnished, at the 
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lowest evaporation rate, with coal of somewhat inferior quality, its 
gain in evaporation per pound of coal would have been, not 8.21 per 
cent, but considerably more. 

The differences between gain in efficiency and gain in evaporation 
per pound of coal are not so great at the three higher rates of evapo- 
ration as at the first rate; but they are all in the direction which would 
be anticipated from the differences in heating value exhibited in 
column 9 of Table 6. They are, no doubt, to be accounted for in 
large measure by the variation in quality of the coal. Variations in 
rate of evaporation, in themselves, however, influence efficiency; and 
since at these three rates the evaporations per hour are not precisely 
alike, it is impossible to say what share of the difference in gains 
should be attributed to variations in the coal and what share to vari- 
ations in rate of evaporation. In this connection it should be pointed 
out that we have been comparing gains in efficiency based on the 
direct average test results unadjusted for differences in rate of evapo- 
ration, with gains in evaporation per pound of coal based upon values 
of evaporation which have been adjusted to a common evaporation 
rate. 


17. Adjusted Values of Efficiency—At each of the four nominal 
test rates, the actual average evaporation per hour with the syphons 
was a little less than the average evaporation without syphons—as 
has already been pointed out in discussing the evaporation results. 
The difference is not great, the maximum variation being only 1366 
pounds per hour, in some 56 000 pounds—at the fourth rate. This 
amounts to only 2.4 per cent. Since in a locomotive the efficiency is 
generally greater as the rate of evaporation decreases, the syphon- 
equipped engine is at a slight advantage, as regards efficiency, be- 
cause of the differences in evaporation rate just referred to; and 
although this advantage is slight, it is nevertheless necessary to ad- 
just the direct efficiency results of the tests to a common rate of evapo- 
ration before they may be properly compared. This adjustment— 
as in adjusting the evaporation results—can be accomplished only 
by drawing among the plotted average values of efficiency in Fig. 9. 
a curve for each test series which will represent the relation between 
efficiency and rate of evaporation which exists among the test results. 
In this instance, however, the drawing of these curves is not so simple 
a matter as it was in Fig. 7. The four plotted averages for each series 
shown in Fig. 9 are so related that it is impossible to draw through 
them a curve of single curvature; and it is necessary therefore, in 
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drawing the curve, to pass it as close as may be to the plotted average 
values and still maintain the general curvature and trend which we 
know such an efficiency curve must have. The curves shown in Fig. 
9 are thus drawn. The curve for the tests without the syphons passes 
directly through the points representing the average results at the 
first and second rates; at the third rate the ordinate of the curve is 
0.6 per cent greater than the test average, while at the fourth rate 
the curve ordinate is 0.5 per cent less. The curve drawn for the tests 
with the syphons misses all four of the plotted points, and its ordinates 
differ from the average test results by — 0.6, + 0.8, — 0.9, and + 1.2 
per cent, at the respective evaporation rates. These deviations are so 
small that it is believed that the curves drawn in Fig. 9 represent at 
east as truly the general relation actually existing in the two series 
of tests between efficiency and rate of evaporation as would curves 
of double curvature forced exactly through the plotted averages, but 
whose shape would be at variance with common experience. 

The curves shown in the upper part of Fig. 9 are accepted there- 
fore as representing for these tests the relation between boiler effi- 
ciency and the hourly rate of evaporation. They are reproduced and 
brought together in the lower part of this figure in order that they 
may be more easily compared. The comparison—as in the case of 
evaporation per pound of coal—is made at four rates of evaporation; 
namely, 21 585, 31 344, 47 118, and 55 741 pounds per hour. Each 
of these rates is the mean between the actual average test values of 
the corresponding hourly rates; they are represented in Fig. 9 by 
the vertical lines a, b, c, and d. The values of efficiency defined by the 
points at which the curves of Fig. 9 intersect these vertical lines apply 
to a common rate of evaporation, and they are, consequently, strictly 
comparable. These values are shown in the third and fourth columns 
of Table 7, and they provide the basis upon which the superiority of 
the syphon-equipped locomotive, as regards boiler efficiency, may be 
fairly judged. At the lowest evaporation rate the efficiency values 
with and without syphons are respectively 77.18 and 69.15 per cent, 
and the difference in efficiency is 8.03. This difference constitutes 
11.61 per cent of the efficiency without syphons, and this percentage 
is therefore the gain in efficiency effected by the syphon at the first 
rate of evaporation. The gains in efficiency for all four rates, thus 
derived, are shown in the last column of Table 7. 

If we use boiler efficiency as the criterion of performance of the 
locomotive, the gains in heat transmission from the coal to the steam 
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' To facilitate comparison, each of the two upper curves in this figure is duplicated in the 
lower pair, which are plotted on a common system of codrdinates. 
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“TABLE 7 
Borter Errictency—Va.urs ADJUSTED To A CoMMOoN EVAPORATION RATE 


Boiler Efficiency—Adjusted Values Increase in Effi- 
a . . ciency Due to 
d Equivalent Oe = Syphons 
Evaporation Brena Series I Without Series II With between the Col. 5 x 100 
Rate per tour Syphons Syphons Two Series Col. 3 
Pounds* Per Cent Per Cent Per Cent 
1 2 3 4 5 6 
21 585 69.15 77.18 8.03 11.61 
31 344 70.78 76.71 5.93 8.38 
47 118 68.32 73 32 5.00 7.32 
55 741 66.23 70.58 4.35 6.57 
General Average Increase in Efficiency, for All Four Rates..........0.0ccccccccccececeeeee.. 8.47 


*The figures in this column are the mean values of the actual! test rates, defined by the lines a, b, c, and d in Fig. 9. 


effected by the use of syphons in locomotive No. 1742 may be sum- 
marized thus: 


Rate of Increase in 
Equivalent Evaporation Boiler Efficiency 

per Hour Effected by the Syphons 
PIES EW | ORR et Rane Gn Peele een Maen yee py RE ce A 11.61 per cent 
BM EMSA Ls ct ht sesh eyes oe, a, ees ase ace a 8.38 per cent 
Beene ig lal SL Ly teg Sl Gare boeg he Pier mas gah mn CI Seat eee AL a ae 7.32 per cent 
STUHR ay Taos 7 a | eas Ue ae ie GRD ae Mach nce 6.57 per cent 
General Average Increase for All Four Rates..................... 8.47 per cent 


These gains in efficiency, together with the gains at intermediate rates 
derived from the curves of Fig. 9, have been plotted to define the 
lower curve shown in Fig. 8, which shows the relation between gain 
in efficiency and hourly rate of evaporation for the entire test range. 


18. Boiler Efficiency as the Criterion of Performance—Equivalent 
evaporation per pound of dry coal, as has been stated, was chosen 
by the Advisory Committee as the criterion of performance for these 
tests; and it is a common practical standard for judging the relative 
performance of boilers. Its use rests upon the implied assumption 
that the heating value of the coal will be the same in all tests; which 
is rarely the case. Boiler efficiency, since it takes into account any ex- 
isting difference in heating value, is a better criterion; and the real 
superiority of the thermic syphon, as a device for stimulating the 
heat transmission in a locomotive boiler, is doubtless more truly re- 
vealed by the gains in efficiency shown in Table 7 than by the gains 
in evaporation per pound of coal shown in Table 5. 


VI. Seconpary RESULTS AND CONDITIONS OF BOILER PERFORMANCE 


This chapter presents, for the 24 accepted tests, the secondary re- 
sults of the boiler performance, such as degrees of superheat; and 
such conditions of performance as steam pressure. For convenience of 
reference most of the results are assembled in Table 8, in which are 
given not only the average values for each test, but the average of 
these average values for the three tests at like rates of evaporation 
in each series. Each of the last two topics herein discussed has its 
separate tabular presentation. 


19. Steam Pressure and Quality—The average values of boiler 
pressure appear in column 10 of Table 8. For the two series of tests 
they are as follows: 


Rates Obsbiyaporatlony . a0 eee cee mee ee Virst Second Third Fourth 
Boiler Pressure—Series I................ 180.0 178.7 176.9 igen 
Boiler Pressure—Series I]............... 183.0 182.1 181.9 180.3 


The difference between Series I and II is about three pounds, except 
at the third rate, where it is five pounds. The maximum variation 
among the boiler pressures for the three tests of each group from 
which the averages listed are derived is also about three pounds. Such 
differences have little, if any, practical importance; and they have no 
significance in judging the superiority of the syphon as a heat-trans- 
mitting device, since the criteria for this comparison compensate for 
such differences in pressure as do exist. 

The quality of the steam is indicated by the values in column 
13 of Table 8. It is substantially the same for both series; the range 
in the general averages for the various rates of evaporation being 
from 0.974 to 0.979. The range among the 24 individual tests is from 
0.969 to 0.985. 


20. Steam Temperatures and Superheat—The values of steam 
temperature and of the superheat in the steam, within the branch pipe, 
appear in Table 8 in columns 14 and 16, respectively; while the values 
of temperature and superheat* in the exhaust passage appear in col- 


*While the terms “steam temperature” and “superheat’’ have definite meanings which are 
generally understood, there is occasional confusion as to their meaning and use. It seems 
worthwhile, therefore, here to state that ‘‘temperature of the steam’? means its total temperature 
in the superheated state; and that ‘‘superheat’’ or “degree of superheat’”’ means that excess 
of temperature acquired by saturated steam in passing through the superheater. The steam 
in the branch pipe is superheated steam; and if from its temperature we deduct its super- 


heat (or degrees of superheat), the remainder is the temperature which saturated steam would 
have at branch-pipe pressure. 
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Fia. 10. Stream TEMPERATURES AND DEGREES OF SUPERHEAT IN THE 
BraNcH PIPE AND IN THE ExHaust PAssAGE 


umns 15 and 17. These average values—for each rate of evaporation 
and in each series of tests—are plotted in Fig. 10; and the curves there 
drawn represent the relations between these quantities and evapora- 
tion rate. The curves drawn in full lines show these relations for the 
tests without syphons, while those drawn in broken lines apply to 
tests with the syphons. 

The steam temperature and superheat in the branch pipe, for the 
two series of tests, may be summarized as follows: 


STEAM TEMPERATURE IN Brancu Prer—Dazc. F. 


mates of Hvaporatione.. .... 26. . 00sec eae First Second Third Fourth 
Temperature Without Syphons.......... 558.2 575.9 610.0 632.0 
Temperature With Syphons............. 539.0 569.3 618.0 631.3 
Degrees More Without Syphons.......... 19.2 GAGs. Sash 0.7 


Deerees More With Syphons........3.... ..... «eee Sc OSC sno 


ILLINOIS ENGINEERING EXPERIMENT STATION 


42 


1°86 | 269% | O'FPE | O'0G9 | G2L6°0 | Okt | GOT | TOS | ShL Ho | Leh | koe | BOLT | OELe— 

T10T 1 996 L° 6S 0°89 19160 TL FT 6 29 8° 18T pE9 Sg GOP 6S CE 88° 6LT T1616 

2°96 & GGe O'ShE 0°9¢9 9916 °0 TL’ 41 ¥'09T 1621 962 $9 y OF VG CE £0°08T 8122 SP O8T Yano 

9° GL 6 Sh L608 0°819 6£26°0 LT'6 9° L9T 6 I8T $99 9F Tle 8h 1S 80'0ZI | sedvieay 

L el 6 PFS 0°80€ 0819 £926 0 20°8 G'S9T § 081 GLI 9F 9° LF ¥9 16 9% 02T TELZ 

GIL ¥ OFZ 0 018 0°ST9 +6960 08°6 8° 89T @ E81 018 9F T9F 6b 1S 66 6IT £226 

LOL G 9FG O'ITE 0° 129 1926'0 696 ¢° 891 £281 146 9F GLY 6h 1d 00° 02T CELE ‘7 as PAGL 

892 @ G6 L' 6% £'69¢ 26260 89°¢ 9° PLT T° ¢8I $96 0€ T 08 6 1% 10° OZI | sedeieay 

696 £ 681 0 646 0°99¢ 2916 0 £9'°€ 9° SLI 9°Z8T 900 Té £°0€ 6h 16 10 06T 6616 

GLE 8° F6T 0°0S¢ 0°GLS¢ £9260 Ga's LyLt ZL I8T 098 0& 0°08 6h Ie 86° 6IT 8626 

0°26 F261 0° 096 0°0L¢ 0S86 0 Lo°¢ ¥ SLT 0°38T 260 1€ 0°08 0G 16 £00 GBLE 08 OGT puoveg 

Saas @ 09T L 0F6 0°6&¢ 18260 ars ¥ SLT 0 €8I 19G IZ £ Fs Se' FT 00°08 SoBvIOAY 

& 02 8 SST 0° LES 0°SEs SH86 0 L9°T @ 6L1 8°S8T GES 1 8° & &' FT 00°08 POLE suoydag 
0°6r 9°C9T 0 6&6 0° GPS ¥EL16'0 69'S L621 T 'y8t €LG 16 PG SFI 10°08 GIL WIM 
& 8% T'69r 0°9F% 0° 0%¢ 6916 °0 60°% F'9LT 0°28 LLG 16 8° && FT 00°08 OTL &% 08 9ST TJ Seles, 
8°66 0192 £ 6FE 0°3&9 0926 °0 0€ ST @ 191 g LL PCP 9G 08% Go E 90° 08T | sedvisay 

9° €6 0° 8&z 0 &¥é 0°629 6&26'0 61ST T'191 Gg OLT LOT 9¢ £87 16 E 61 081 £126 

9° TOT @ 696 O0'1Ss 0°0¢9 99160 16ST 6° 09T ¥ OLT G16 Sg 0'8F GB GE 40 08T GILES ‘ 

@ POL L°99¢ 0° #98 0°189 F116 °0 PP ST ZL 191 0° 621 £96 Lg 8°LP £6 SE ¥6'6LT OILS SY O8T yng 

9°19 8° 9&6 9° S0€ 0019 0926°0 02 ‘OT T99T 6 9LT GLE LP 9°9F LV 1G 88°6IT | sedvieAy 

FEL G LYS LIE 0029 89260 13°01 6 F9T GOL GE6 LP Maly, 6h 12 10 02T PILE 

L 19 6 622 0 10€ 0°09 0626 °0 6T OT 9°99T POLI 198 LP SnOy, GP IZ 69 6IT 8016 

eo £ £8 0'0€ | 0°209 ¥826'0 ope 6 99T 6 LLT ¥G6 9F 6° SP 09°16 G0 06T SOLE SP as PAL 

G62 £006 0° €S% 6 GLS 6826'0 10°F e1Lt L821 S02 TE Sie | wie STOZT | sedeioay 

Ge £961 G €Sz 8 ILS 61860 Tse € TZ €9LT v09 IE S63 6) 16 00021 LOLE 

8°9¢ 0°96 0° 086 ¥ CLg 9860 (aaa7 6 ILT T 081 GES GE ¥ CE 6h IZ 00° 06T FOLE 

¥ 0E g° 806 ¥ Gos g ¢8¢ 69260 0S’ P 8 OLT 9° 6LT bes TE 0°SE Lg 16 SP 061 102 0¢ 0¢T pusoes 

| ca 

8°82 $08 9° PFS @ 8g¢ 29260 (Gan 6 °9LT 0 08T 809 12 8°93 ve F1 $008 SeBvIOAY 

Lv @ OLT £ 1S 9° 8FS £6260 €9'T 9°8ZT 8 6LT LEL 16 8° F¢ €eF1 £008 9016 suoydag 
G Te @ P81 8° LYS 9° 19S $h16 0 0c'T T9241 8° 6LT LL@ 1G 8°66 PE FL ¥0'08 £026 JnouyeM, 
10 @ 181 9° FFG g' 79S 8hL6°0 (aaa s 0°9LT ¥ O8T 608 12 L°¥% PE FT 40°08 COLE 14 08 ALT J 89149 

LT 9T ST tI ras él It Or 6 8 L 9 Ci ¥ £ g I 

I8T O8T LIT OTT 6LT LOI Sor iva 61 601 LOT <2) ‘80N Wey] epop 

asesseg adig asesseg adig asusse adig spuno que, amo aqnul oareT° 
qsneyxg | qoueig | ysneyxq | yourig amlog, eae yourig | 20g sane — say ne Jad a qe) 1d | “Wd "a WOWer suoydss 
oyu | eyyur | oyyuy | eyuy | oyu | oypuy | oyguy | MHYT | “poner so | -nyoaey | soquiny | BIND | peads | -odeag | qItA\ 40 

uIea4g JO -odvag | $0309 489], [GUIUION | [@UION | jooyey | Mout 

qleqyuaryeg seewdoq | joquasyeg soordaq | AHIEO out erenbs sed spunog queye SRO paadg 
‘qeaysadng jo aei8eq| ‘einyesodurey, ure94g ‘(aBNeN)) omNsso1g UTeE}g -ambg | 238d04V [enjoy eseoay SUOTJIPUOD 4SOJ, [B1IUIX) 


SUIOSHY AUVINOOTG—aAONVWNOAUAT AATIOG 
8 aIavy, 


43 


TESTS OF A LOCOMOTIVE EQUIPPED WITH THERMIC SYPHONS 


£° 06S STST 9806 v8'8 ae tee 9% 610 sodeloAy 
0969 €LPI 886T &@'8 0% £'% 0G 06'0 0826 
0° 309 8IST P81 0g°8 L@ o% 8% 810 TGLz 
0°08¢ SgsT rea 928 13 Lad L% 610 8ILe SP O8T quno gy 
0° FL LPP L161 0¢'9 4 0% oS ST 0 sedvioAy 
0° TL 90FT LPLT 9¢°9 6'T LT 6T ST '0 TELe 
0'SL¢ LLP TL0@ 09°9 oS 1% £6 ST 0 £ZLE 
0°9L¢ 8SFI PIIZ g9°9 8% TZ an ST 0 GCLE Sy O@I PAGL 
&° 2g SGél II8T (ata eT oT (aa 80°0 SOBBIOAY 
0'Sé¢ 8ZET 9LLT 82° eT oT oT 80°0 6622 
0'0z¢ 8ésI G6LT BoE oT an eT 60°0 8616 
0'ST¢ OOFT G98T LV€ oT oT aa 40°0 GCLG 0€ et puosag 
L’ 184 L8Z1 6821 68°T LG 80 80 80 10 400 soBvIOAY 
0° 98% SIéT 80LT 681 SES Aa 80 80 80 600 PELE suoydag 
0 06% S9CT P98T Z8°T 0g tee 80 80 80 +00 BILE TM. 
0184 £81 G6LT 8L°T 96S hy 10 10 9°0 ¢0°0 9122 G@ 08 SY TT Stes 
L 08S 6061 $266 168 OL IT LZ 0'€ 9% 9% - LT 0 SOBLIOAY 
0°SLS S061 G16 618 09°IT \ 0'§ 8% L@ 410 SIZ 
0° €8¢ £061 SECS 91°8 8h IT oy bite 1% £3 L410 GILZS 
0° $8¢ 0261 966 vE'8 £0 °C re 8% 8% 8% 810 OILS SY O81 Gyno 
£'09¢ - PI6I 9EIS 7r9 =| 80°6 £% 0% £3 (a ¥10 SOBBIOAY 
0° 9¢ ton 0902 L9°9 ST 6 igs GSE id oS st 0 PILZ 
0 p9¢ £681 6816 S29 88°8 we £6 (a £% o1'0 802 
0° S¢¢ VET L9T@ 0g'9 026 aN £3 (and 1% £10 SOLE Sy a PAUL 
6°96 8LLT LIS 10° 6€ °F eI ae eT cmt 90°0 SOBBIOAY 
0 91¢ L181 ¥L06 6I'& Ser io tT eT el 90°0 LOLE 
¥ GCS LGLT 8266 6E°€ sc'y cs rT an vT 10°0 FOLE 
& GPS O9LT OPIS a 80°F he ul! eT an 90°0 T0L 08 0¢T puosag 
8 40S T09T 9G6T 08°T LES 80 60 80 80 400 SOBVIOAY 
0 F6F 8291 6681 98'T LOS i 60 60 80 £0°0 9022 suoqddag 
0° F0¢ 08ST L102 rL I 62% ies 80 10 80 ¥0°0 £026 POUTAL 
g'ors SPST 096T 6LT vES an 60 80 80 400 G0LZ SZ 08 SAL | Seltag 
16 9% SB x4 £@ (4 1% 02 61 8I g v € G \! 
aa £21 &@1 O&T 621 T&I Tél Tél Tél GI =) “SON WO] apon 
od yoy mised used ‘a ‘W 

; a ayy Sern -eIq jo mee joy} OPO | Aylog | V yWiog ERETOEE Wd 

x0qexouIS | saoqy MOL org quoi Ul | oBvioAy W VW W Utd YSV WOTeI suoydag 
oq} Uy 9} Uf yoquin Yo-yn9g peedg -odeaq YItAA JO 

xOqoary 9} UY xoqayourg uy XOQOILY Oy} Uy 489, IRN See JO ORY OTHE 
\ 

“J Boq ‘sesed Jo onqesaduiay, Jaz@M JO SopUT—szyeiq | SUOT}IPUOD 4say, [eIaTat 


44 ILLINOIS ENGINEERING EXPERIMENT STATION 


SupERHEAT IN BrAnNcuH PipE—Dksc. F. 


Rates Om Liv.apOrationeeriacws ete caererrery ter First Second Third Fourth 
Superheat Without Syphons............. 180.5 200.3 236.8 261.0 
Superheat With Syphons................ 160.2 192.2 243.9 260.2 
Degrees More Without Syphons.......... 20.3 Sol, eee se 0.8 
Degrees Mores Withtsy phomsige ssi 10ers donee ly ~Seeee 


The differences in steam temperature and in superheat are nearly the 
same; which would follow, as a matter of course, from the similarity 
of the boiler pressures in the two series of tests. At all rates of evapo- 
ration except the third, the non-syphon locomotive produced higher 
steam temperatures and higher superheat; whereas at the third rate 
both these quantities were greater with the syphons. At the first rate 
of evaporation the difference in superheat amounts to 20.3 degrees, 
in favor of the non-syphon engine. At the three higher rates the differ- 
ences in superheat are so much smaller as to have little practical 
importance; they vary in such manner as to almost exactly offset one 
another; and it is fair to say that at these three higher rates of evapo- 
ration the superheat produced with and without syphons was sub- 
stantially the same. 

It should be pointed out that since superheat increases as the 
rate of evaporation is increased, and since the rates of evaporation 
are not precisely alike in the two series, the direct results of the tests 
which have been compared in the preceding paragraph are not strictly 
comparable; and in order to be so, would need to be adjusted as were 
the evaporation and efficiency values presented in Chapter V. Such 
adjustment, however, would amount to practically nothing at the first 
rate of evaporation, where the actual hourly evaporations in the two 
test series were almost identical; and at the three higher rates the 
adjustments would be so small as to entail no change whatever in 
the general conclusion drawn with respect to superheat. 


21. Drafts—The average draft values are presented in columns 
18 to 24 of Table 8, and they are plotted in Fig. 11. The plotted aver- 
ages in this figure are so related that the curves there drawn represent 
with considerable accuracy the general relations between draft and 
rate of evaporation for both series of tests. The variations in draft 
with rate of evaporation are great enough to make it misleading to 
compare the test averages directly, without adjusting them for differ- 
ences in evaporation rate; and comparisons must therefore be based, 
instead, upon the curves drawn in Fig. 11. 

The draft in front of the diaphragm, at the lowest rate of evapo- 
ration, is about 0.1 inch of water more with the syphons than without 
them; and at the highest rate, about 0.2 inch more. These differences 
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Fig. 11, Drarr in THE SMOKEBOX, Firesox, AND ASHPAN, AT 
Various Rates or Evaporation 


constitute, respectively, approximately 4 per cent and 2 per cent of 
the corresponding total draft values. In other words, in order to at- 
tain with the syphon-equipped engine the same rates of evaporation 
as with the non-syphon engine, it would have been necessary to main- 
tain from two to four per cent more draft in front of the diaphragm— 
probably because of the slight additional resistance offered by the 
syphons to the flow of the gases. At all rates of evaporation the differ- 
ence between draft in the firebox and draft in the ashpan was less 
with the syphons than without them—by about 0.1 inch of water. 
This, presumably, indicates that the firebed during the second series 
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Fic. 12. Gas TEMPERATURES IN THE FIREBOX AND SMOKEBOX, AT 
Various Rates or Evaporation 


of tests was, on the average, somewhat thinner or cleaner than during 
the first series. 


22. Temperature of the Gases—The temperature of the gases was 
measured at three points—two in the firebox and one in the smoke- 
box—by means of thermocouples whose location is shown in Figs. 
15, 16, and 17. The couple for measuring firebox temperatures below 
the arch was located about a foot away from the right-hand side- 
sheet, almost directly under the rear edge of the arch, 26 inches above 
the grate about midway of its length, and 18 inches below and about 
22 inches away from the lower rounded part of the right-hand syphon. 
The couple for firebox temperatures above the arch was placed 12 
inches behind the back tube-sheet, 26 inches below the crown-sheet, 
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and 6 inches to the right of the boiler center line; with respect to the 
right-hand syphon, this couple was, consequently, 12 inches ahead of 
its front contour and 2 inches closer to the boiler center than the in- 
ward face of the syphon. The thermocouple for measuring smoke- 
box temperatures was placed below the table plate and a little behind 
the deflector plate. 

The gas temperatures are tabulated in the last three columns of 
Table 8; and the average temperatures for each rate of evaporation, 
both with and without syphons, are plotted in Fig. 12. The curves 
drawn in Fig. 12 represent not only the general relations between 
gas temperature and rate of evaporation; but, with the sole excep- 
tion of the curve for firebox temperature below the arch, without 
syphons, they represent accurately the actual average test results 
—and even in this one instance the curve deviates from the test 
results by amounts which do not exceed 2.8 per cent. Comparison 
of the gas temperatures attained with and without syphons in both 
firebox and front-end may therefore properly be made by means of 
the curves of Fig. 12. Such comparison will be made at four rates of 
evaporation, and the rates chosen are the means of the actual average 
test values of equivalent evaporation, namely, 21 585, 31 344, 47 118, 
and 55 741 pounds per hour. These are the rates used for comparing, 
in Chapter V, the evaporation per pound of coal and the efficiency; 
they are represented in Fig. 12 by the vertical lines a, b, c, and d. 


23. Firebox Temperature Below the Arch—The temperatures be- 
low the arch are represented by the uppermost pair of curves in Fig. 
12. They may be summarized thus: 


Gas TEMPERATURES BELOW THE ARcH—Dkra. F. 


Evaporation Rate—lb. per hr............ 21 585 31 344 47118 55 741 
Temperature Without Syphons.......... 2 010 2 094 2 182 2 200 
Temperature With Syphons............. 1 790 1 820 1 973 2 097 
Degrees Less With Syphons............. 220 274 209 103 


The temperature with syphons was less at all rates of evaporation, by 
amounts which vary, as indicated, from 103 to 274 degrees; consider- 
ing all four rates, the general average difference is 202 degrees. These 
differences, great as they are, are less than those prevailing above the 
arch; but further comment on this is reserved until both temperatures 
are discussed. 


24. Firebox Temperature Above the Arch—The temperatures 
above the arch are represented by the lower pair of curves in the upper 
part of Fig. 12. They may be summarized as follows: 
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Gas TEMPERATURES ABOVE THE ArncH—DkE«. F. 


Evaporation Rate—lb. per hr............ 21 585, 31 344" 47 L1Ss sonal 
Temperature Without Syphons.......... 1 612 1 763 1 912 1 9138 
Temperature With Syphons............. 1 286 1 353 1 460 , 1 520 
Degrees Less With Syphons............. 326 410 452 393 


Above the arch the temperature of the gases was less with syphons than 
without them at all four rates of evaporation, by amounts which vary 
from 326 to 452 degrees. The minimum difference occurs at the lowest 
rate and the maximum difference at the third rate. The general aver- 
age decrease in temperature, for all four rates, is 395 degrees. 


25. Discussion of Firebox Temperatures—In any consideration of 
the firebox temperatures, the location of the pyrometer thermocouples 
should be borne in mind. In addition to what has already been said 
in Section 22, it may be pointed out that the couple below the arch 
was situated 26 inches above the grate; its distance from the top of 
the firebed varied therefore from about 20 inches to about 8 inches 
as the tests progressed and the fire grew in thickness. Crosswise of the 
firebox this couple was about 22 inches from the nearer syphon leg 
and 12 inches from the side-sheet; lengthwise of the firebox it was 
approximately over the middle of the grate. Considering the right- 
hand half of the firebox, this thermocouple was consequently roughly 
midway between the arch and the fire and a little to the right of the 
center of this space. The thermocouple used for measuring tempera- 
tures above the arch was placed about halfway between the front 
contour of the syphons and the rear tube-sheet—12 inches from each. 
Between the two syphons there was a space 1614 inches wide, bisected 
by the central plane of the boiler; and this couple lay in the forward 
continuation of this space, six inches off the boiler center line. 

Following the customary practice in measuring furnace tempera- 
tures, neither of these thermocouples was protected from radiant heat. 
The temperature measured by them is consequently a composite of 
the radiant heat received by the couple and the heat imparted to it 
by convection from the gases making contact with the pyrometer 
element; and there is the usual uncertainty as to how closely the 
measured temperature represents the true temperature of the gases. 
‘Notwithstanding this uncertainty the recorded temperatures, for the 
sake of brevity, are referred to as “gas temperatures” throughout Sec- 
tions 22 to 25—and also in Section 26 dealing with smokebox tempera- 
tures, although here the uncertainty arising from the action of radiant 
heat is not so great. 
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The differences in firebox temperatures with and without syphons 
presented in Sections 23 and 24 can be accounted for only in insig- 
nificant degree by such variations in the conditions of combustion 
as existed between the two series of tests. These differences are un- 
doubtedly due almost entirely to the action of the syphons; great as 
they are, they are easily credible when adequate consideration is given 
to the large amount of heating surface added by the syphons, and 
to the favorable position in which this additional firebox surface is 
placed. 

The firebox heating surface (including arch tubes) without the 
syphons is 266.6 square feet and with them, 321.6 square feet—an 
increase of 55 square feet or 20.6 per cent. With a firebed of average 
depth, about 40 square feet of firebox heating surface in Engine 1742, 
immediately bounding the firebed, is relatively ineffective; and if this 
be excluded, the increase, with syphons, in really active heating sur- 
face amounts to about 24 per cent. This additional heating surface is 
ideally placed to absorb the radiant heat from the fuel bed and from 
the arch; and it is likely also that it receives from the incandescent 
gas traversing the center of the firebox radiant heat which, in the 
plain firebox, might not be fully absorbed by the side-sheets. As far 
as heat transfer by convection is concerned, the syphons are in an 
equally favorable position; for the gases passing them probably have 
a higher velocity than exists elsewhere within the firebox and the 
turbulence of these gases is at least as great as anywhere else within 
the boiler. In addition, the velocity of the mixture of water and 
steam over the inner surfaces of the syphons is probably greater than 
over any of the other heating surfaces. All these factors taken to- 
gether seem sufficient to account for the great differences in firebox 
temperatures in the non-syphon and the syphon-equipped locomotive. 

As indicated in Sections 28 and 24, the general average difference 
in temperature below the arch was 202 degrees, whereas above the 
arch it was 395 degrees. This two-fold increase in the relative ab- 
sorption of heat is understandable when we recall that the pyrometer 
element above the arch was placed beyond the syphons and that the 
difference in temperatures here recorded is consequently a measure 
of the full effect of the syphons, whereas below the arch the tempera- 
ture is recorded at a point where the syphons have not yet exerted 
their full effect. 


26. Smokebox Temperatures—The values of the temperature of 
the gases in the smokebox are given for each test in the last column 
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TABLE 9 
Tue RELATION BETWEEN BRANCH-PIPE AND SMOKEBOX TEMPERATURES 


Without Syphons With Syphons 
Equivalent Evaporation 
| 
Mean of Test Averages, repre- |Temperature)Temperature|} Excess of /Temperature,Temperature| Excess of 
sented in Fig, 12 by the lines | of Steam in | of Gases in |Steam Temp.| of Steam in | of Gases in |Steam Temp. 
‘a;D,0;0 Branch Smokebox Over Gas Branch Smokebox Over Gas 
Pipe Temp. Pipe Temp. 
Ib. per br. deg. deg. deg. deg. deg. deg. 
1 2 3 4 5 6 7 
Linctage 217080). weneneteair 558 505 53 539 488 51 
Dineib.) Slc844 ck, ces cccncien 575 527 48 573 527 46 
Dinéror 47 118i eens ett 608 561 47 618 575 43 
Witeds 6604 lertn toon 631 580 51 632 594 38 


of Table 8. The average values for each group of tests at like rates of 
evaporation, in each series, are plotted in Fig. 12; and the curves 
drawn in this figure represent the average test results with consider- 
able accuracy. The smokebox temperatures derived from these curves 
may be summarized as follows: 


Gas TEMPERATURES IN THE SMOKEBOX—Dka. F. 


Evaporation Rate—lb. per hr............ 21 585 31 344 47118 55 741 
Temperature Without Syphons.......... 505 527 561 580 
Temperature With Syphons............. 488 O27, 575 594 
Degrees More Without Syphons.......... 17 0 ae a 
Degrees More With Syphons............ =e 0 14 14 


These smokebox temperatures, in themselves, require little comment. 
They are normal and such as would be expected in a superheater loco- 
motive under conditions of good combustion; as would be anticipated, 
the temperatures rise gradually as the rate of evaporation (and of 
combustion) increases. The differences between the temperatures with- 
out and with syphons are so small as to be negligible. 

One question, however, very naturally arises with respect to these 
temperatures; namely, why is the gas temperature in the smokebox 
practically the same in both series of tests, notwithstanding the fact 
that in Series II, with the syphons, the gas enters the tubes and flues 
at a temperature nearly 400 degrees lower, on the average, than during 
the tests of Series I? The answer to this question involves considera- 
tion of the steam temperature and the degrees of superheat existing in 
the branch pipe; and these values,” although they have already been 


*The values of steam temperature and superheat here used are derived from the curves 
of Fig. 10, and apply to common mean rates of evaporation, They are so derived in order that 
they may be more strictly compared with the smokebox temperatures, which are similarly ad- 
justed to common evaporation rates. Because of this fact they differ slightly from the steam 
temperature and superheat values presented earlier in this chapter, which are the direct test 


averages, not so adjusted. The maximum difference, however, between corresponding values 
is less than four degrees. ; 
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presented, are for convenience repeated here—the superheat values, 
immediately below; and the steam temperatures, in columns 2 and 5 
of Table 9. 


DrGREES OF SUPERHEAT IN THE BRANCH PIPE 


Evaporation Rate—lb. per hr............ 21 585 31344 47118 55 741 
Superheat Without Syphons............. 181 199 235 259 
Superheat With Syphons................ 160 196 244 261 
Difference in Superheat................, seal +3 —9 —2 


Had the superheat been much less with the syphons than without 
them, that difference might have been made the basis of an answer 
to the foregoing question. There is practically no difference in super- 
heat, however, except at the lowest rate of evaporation. No explana- 
tion of the similarity of smokebox temperatures can be built, therefore, 
upon the superheat data. 

The differences between branch-pipe temperature and smokebox 
temperature do, however, provide the basis for an explanation. These 
differences are shown in columns 4 and 7 of Table 9. It is to be ob- 
served that both without and with syphons the temperature of the 
steam in the branch pipe was greater, at all rates of evaporation, than 
the temperatures of the gases under the table plate—by amounts which 
vary from 38 to 53 degrees. This excess is substantially the same 
without and with syphons. How much drop in gas temperature occurs 
from the time the gases pass the superheater header and the forward 
ends of the superheater units, until they reach the thermocouple which 
measures the gas temperature under the table plate is not known. It 
must be little and, what is more to the point, it must be the same 
with and without syphons. Since the smokebox temperatures are alike 
with and without syphons, it follows that the temperatures of the 
gases as they passed the superheater header must also have been alike. 
In view of the conditions here outlined it appears unreasonable to as- 
sume that, either with or without syphons, the terminal temperature of 
the gases could have been less than it was. It could not have been 
much less without causing a reversal of the flow of heat—that is, 
without compelling the superheated steam to give back part of its heat 
to the gases as they passed the header. It might, of course, be argued 
that because of the lower average gas temperature in the flues during 
the syphon series, the terminal temperature must have been actually 
lower and that there must have been just such a reversal of heat flow 
at the header, which brought the gas temperature at that point up to 
what it was in the non-syphon series; but such an hypothesis is nulli- 
fied by the fact that as much superheat was produced with the syphons 
as without them. 
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This review of the facts seems to warrant the following inferences: 
Apparently the superheater surface was sufficient to abstract from the 
gases, during the tests with syphons, the amount of heat it was de- 
signed to abstract, in spite of the fact that the average temperature 
of the gases as they traversed the flues was less than during the tests 
without syphons. In other words, the superheater took its required 
amount of heat although the total heat available as the gases passed 
through the body of the boiler was less. It would follow, of course, 
that during the tests with syphons the heat transmitted to the water 
surrounding the tubes and flues must have been less than during the 
tests without syphons. If these views be accepted, it would seem that 
the gains in heat transmission made by the syphons within the fire- 
box must have been even greater than would be inferred by consider- 
ing merely the overall gains in evaporation and efficiency discussed 
in Chapter V—sufficiently greater to offset the decreased transmission 
to the water in the body of the boiler. 


27. Variations in Rate of Firing —As was stated in Chapter IV, 
a record was kept during each test of the time required to fire each 
thousand-pound barrow-load of coal, in order to check the regularity 
of the firing. During the first series of tests, without the syphons, 
it was observed that for the first six or seven barrow-loads there was 
a progressive increase in the time required to fire each half-ton—not 
always a uniform increase, but one with an unmistakable general 
trend. After these six or seven half-tons had been fired the firing 
rate became more nearly uniform; that is, there was in its trend no 
further general increase or decrease. These facts are embodied in 
Table 10, which shows for each test the time to fire successive half- 
tons of coal. This table also shows the weight of coal fired before 
the beginning of each test. The average firing times for each group 
are shown also in Fig. 138, where, however, in order to make the 
figure less confusing, the time to fire successive tons, instead of half- 
tons, is plotted. The variation occurs at all four rates of evapora- 
tion; and although the difference in minutes diminishes at the higher 
rates, the differences, when expressed as a percentage of the more 
uniform firing rate finally attained, are roughly alike at all four rates 
of evaporation. This gradual increase in time to fire equal weights 
of coal—which implies a gradual decrease in firing rate—occasioned 
no surprise, nor was it regarded as altogether unusual. 

Soon after beginning the tests of the second series, with the sy- 
phons, it was remarked that there was in the beginning of these tests 


TESTS OF A LOCOMOTIVE EQUIPPED WITH THERMIC SYPHONS 


6 6 or | 6 6 6 6 or | 6 6 6 or | 8 or | 6 OTe ODen | PROK a IMO bale arD gg09 | eBti0ay 
6 6 OUNatG 6 6 6 Or) Oe |) Ge jh or | 8 or | or | 6 6 an ie OT 8229 0822 
6 8 or | 6 6 8 or | 6 8 6 6 or | 6 or | 6 Oe || Gell) @ he || ai 0S09 10lZ 
6 6 6 8 or | 6 6 or | 6 8 or | 6 8 or | 6 OF ODA 6 II BELG 8IZZ | YNog 
The Ls | eC OD TE aL OE) 2b AOD ol TT ET Ce TE Tee TTR OTE MG SEO NeTEADNN Gf mt rea eT PEBG | oBtIOAY 
SEY Sea ES 56h he Ta Seve aT TESTE SE Espo LE ty] Ok Ia TT || Om We chabert merry lo 9215 18LZ 
FE ycOR | eh OF VEL a lerGho she Reus) SE OLS) Ob: LT Sia Shed oEbade ho Leth ey EeiepL ERE Iue ter agg £6LZ 
PEC ING Bet GES y Mood. she he COM ELSE N hha Ebere 20 of OL. | Se POE LIS VIOTE Nastia seteal eer MINOT 0268 LZ | PAL, 
Che Se Se sla eb SLE OL ALS ee Mie 2a!) Ri at elosra SI | lu Sted Sein | Nyap tos Ul moce ge goer — | oBeI0AW 
AES LENS ELS 280) SE 2b RE TST ae Sh 2 | See ore cyl eyed Br) | VST (eT a Fer Wedel lene 068% 62LZ 
BE ASE Rh te SEO | AL SOLE i, Oh Or i 8E | 28 NST Ne ebal 2 ok Al eT Wetter: | ABT elk aecenth iz PEIS 8212 
OL AP [SEs Ole aE et Weer eek at | sh en | en) Wer teen | ore | oe Tet |mog la oe UANtz P99E GZLe_| puooag 
9 | 96 | 9 | 86 | 9% | ge | 92 | H | Bc | 92 | gz.| gz | oz | gz | oe | os | oz | gz | ez | te LTE | eBvi0Ay 
SG 9G 8 SS) OS | Fe ee | Fe es OI Fe, ge “| Og HN Oe ee" | woz || oz | az il ez- peel aoe 881h POLE suoydag 
OCS) 28.) 8e) | 8S | Le | 9G Ue) ee | Be keh ee, ee hee A pee | ae || gz) 9a} ogee |oe 989 BIZ WA 
ie | & | 9 | Ww | 9% | 9% | H | H | 9 | 92 | H | G2 | 92 | Fz | gz | oz | oz | uz | sz | ee 9F9z 9122 | 384K | IT Seteg 
6 6 8 6 6 6 6 8 6 6 6 6 8 OLS L OU 8 L L 2108p | oBei0AY 
or | 6 L 8 OL, ||| on |) 6 L 6 8 or | 6 Z 6 8 8 6 8 8 L 88h SIZ 
8 6 6 6 6 8 or | 6 Z 6 6 Me 8 ol | 6 v Tr | 8 9 l 0gs¢ Z12z 
8 Or | 6 6 L a | € L or | or |] 8 8 8 ie |) wv 8 6 8 L 8 Z09F OLS | yANog 
@ | i | Gel 6 Jae | ae ae ie | toe | oe ee an ae | tie |e Oe ll fai | Oi 1p 6 088¢ =| oBeiaay 
tI | 6 ne | 6 ie me | Oe Hl We |) Sa Oe Oe |) Oe | ae || i | OE I) ae |) 6 OF9G PILZ 
me || ie | 3 oe) ae) oe tae eg | ae te He | Oe | ie | Oe |e Oe | we | G i Z 000g 8022 
ar i je | Ve 1G Qe Yl ae | Ae OE Hl ae We Wee we | ae |) qe 4) G 6 mT | 8 L Or 0002 GOL2 | PHGL 
Leer ee he Tk) Shes LEG OT Zt Ora OR iseor ar 4 “op. |) srelimep el vor ih ap nano ey OTE | eBesoAy 
Com ech St SEM OCS 6h 1 2 ete 2 te a Ob tN OF |) a Poet, Wem Per "licen Wi voy. hey 1¥8Z LOLZ 
Se Oe ohn hee he LT eG Sok SPA. O0 ve OL ahh at Si core h 8h chav OT le 21 epeieee | epeh a 6LEE POLE 
SPRIRS as 2h ae aha | BE ee See SEAT TOs Ae OL ol Sr 2 Or ale er ler pt cleened op Mloreliecr os 1042 | puooag 
SM EP) Ge | AeA NEG J OCs | 8k Pte: | ee | ¥eh | 02 | os te seuie te | “ex Vee te lee le ae. | er SILe | eBes0Ay 
PORN Tes) 8G 86 OP VG IL 26 NRG OS Fo AY 2b ge yaar | och gp liegt gre leg Meter Maye hay 009% 9022 suoydag 
De OR Oe a Ree SES oo OE) cr Oe Ai ee! te NOs. Nez er 1 aed pee | bie al or We pects 0692 £022 WOU AL 
BET 8G ECR | FCM OS | C1 66. | BE} 9G ee ee 6s ee i, Te. 1 eed 6, ber | ee. Peg gy 0s6E GOLZ | MT | [ soseg 
| 
OG | MIT | WAST | GALT | HIOT | UIT | WT | URE | GIST | YT | Wor] m6 | ms | yz | mo | we | mF | pre | pug | 4e7 “aI 
ary 
48a, JOQUIN UOTPVI Saag 
Jo 4uRq\g 4sey, j|-odeaq 
[80D Jo spunog OOOT Youd uty 07 soqnutpy ut out, ARS ‘ 


SNOILIGNO) ONIN 


OL aIavy, 


54 ILLINOIS ENGINEERING EXPERIMENT STATION 


60 \ 
Firs? Kare 
. ip ee Be 
on ol A asses a 
Kg: | © | alse ce 
Sw” 
Sg a 
45 
G Second Kare 
oe Ee mmn | 
\ 
& fey 
» 30 
e 25 
x so eerie Uracket , 
S 2 ¢ Feat ata 
Se Pte Witeur Sipho 
Genuueooaae 
ZO 
NS 
ECPEE EE oe 
/0 


ba 8 G /0 
een pet Torres & nice 


Fic. 13. Trowe Requirep To Fire Successive Tons or Coan, at Eacu 
oF THE Four Raves or Evaporation 


also a variation in rate of firing (roughly equal in percentage to that 
prevailing in Series I), but that it had the opposite sense; that is, the 
time to fire the earlier half-tons, instead of increasing, grew less and 
less until from four to six half-tons had been fired, after which the rate 
of firing became approximately uniform. The specific facts are pre- 
sented in Table 10 and Fig. 13. This difference in performance of 
the syphon-equipped locomotive continued to show itself in each test 
until the conclusion of the series, and it was ultimately accepted as 
representing a difference inherent in the action of the syphons. In 
considering this difference, it should be remembered that the fireman 
was firing to maintain the steam pressure against an unvarying steam 
demand and succeeded in maintaining nearly constant pressure; that 
the fire was kept practically level from the beginning to the end of all 
tests; and that, furthermore, these remarks apply with equal force to 
the tests of both series. 

Discussion of this difference in the performance of the syphon- 
equipped engine brought out the question as to whether the differ- 
ence was one which manifested itself only during the initial test period, 
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TABLE 11 
Hear DisrrisutTion 
Test Loss of Heat (Per Cent) Due To: 
Conditions 
(Nominal) 
Ther- 
mal 
; Tivapo- Boiler Hydro-| Sen- | Value Radi- 
Series | ration Effi- gen sible | of Es- ation 
Rate ciency | Mois- | Mois- | Con- | Heat | caping | B.t.u.| B.t.u.} and 
Speed | Cut-off ture in | turein| tent | in Es- | Com- | in Cin-| in Ash | Unac- 
Coal Air of | caping| bus- | ders count- 
Coal | Gases | tible ed for 
R.P.M, |Per Cent|Per Cent Gases 
Series I First 80 25 69.19 0.60 0.25 4.53 | 13.02 1.16 0.71 6.17 4.37 
Without Second 120 30 70.76 | 0.60 | 0.23 4.71 | 12.93 121 0.86 | 3.56] 5.14 
Syphons | Third 120 45 67.64 0.61 0.37 4.75 | 14.91 0.99 2.61 3.24 4.88 
Fourth 180 45 66.59 0.54 0.31 4.74 | 11.36 1.08 5.23 3.78 6.37 
Series II | First 80 25 77.62 0.53 0.24 4.50 | 10.95 | 0.25 0.86 | 3.64 1.03 
With Second 120 30 76.11 0.56 | 0.25 4.62 | 11.67 | 0.39 1.75 | 4.81 |—0.16 
Syphons | Third 120 45 74.11 0.57 0.26 4.85 | 12.58 0.43 3.68 4.54 |—1.02 
Fourth 180 45 69.93 0.57 0.23 4.79 | 32.12 0.49 5.87 4,22 1.78 


with a fresh fire, or whether if the engine were stopped for a consider- 
able time during the progress of a test and then started, this varia- 
tion in firing rate would again occur. In order to try to answer this 
question a supplementary test—No. 2732—was planned and run after 
the conclusion of the other tests. Appendix C presents the graphical 
record for this test, an explanation of its meaning, and a summary 
of the facts disclosed by it. It is sufficient here to state that this test 
was run at the lowest rate of evaporation, that is at 80 r.p.m. and 25 
per cent cut-off; and that the conditions of the test were like those of 
the regular tests of Series II, except that the engine was twice stopped 
and started after the original start. The gradual decrease in time 
required to fire successive half-tons of coal occurred after these stops 
and starts in the same way and in almost the same amount as during 
the initial period of this and the regular tests; and the conclusion 
drawn from the supplementary test is that this variation will manifest 
itself whenever the syphon-equipped engine is started after a stop of 
any considerable duration. 


28. Distribution of the Heat—Table 11 presents in the customary 
form the data concerning the distribution of the heat contained in 
the coal. The values there shown are the averages for each group of 
tests at each rate of evaporation, in both series. Similar results for 
the individual tests are given in the tables of Appendix D. The values 
of boiler efficiency, or the percentages of the heat units in the coal 
transmitted to the steam, are shown in the fifth column. These are 
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TABLE 12 
CaLoriric VALUES OF THE CoaL, CINDERS, AND ASH 
Test Heating Values, B. t. u. per Pound 
Conditions 
(Nominal) 
Series | Evapo- 
ration 
Rate Speed Cut-off oats Dry Coal Cinders Ash in Pan | Ash on Grate 
R.P.M. | Per Cent 
Series I | First 80 25 12 060 12 802 7380 4838 5924 
Without | Second 120 30 11 899 12 616 7416 3379 5061 
Syphons | Third 120 45 11 887 12 605 8928 3658 4842 
Fourth 180 45 11 715 12 325 9762 3905 5734 
Series II | First 80 25 11 721 12 350 6271 2994 3834 
With Second 120 30 11 961 12 634 7734 4448 4400 
Syphons | Third 120 45 11 828 12 491 9287 4223 3854 
Fourth 180 45 11 946 12 610 9800 4357 3861 


the efficiency values already presented and discussed in Chapter V. 
The succeeding columns of the table show the percentages of heat lost 
through the various avenues of loss designated in the column headings. 
Comparison of these losses may perhaps be more conveniently made 
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by means of the graphs presented in Fig. 14. The average heating 
values of the coal, the ash, and the cinders are shown in Table 12, 
which is here included for the light it may throw on the relations 
existing between the various heat losses of Table 11. 


VII. CyttnprrR PERFORMANCE AND GENERAL PERFORMANCE 


It is the purpose, in this chapter, to present the main test results 
relating to the cylinder performance and to the performance of the 
locomotive as a whole. As in all other parts of the body of the bulletin, 
the results considered are those for the 24 accepted tests, during each 
of which 20 000 pounds of coal were fired. The results of cylinder 
and general performance likely to be of most interest are assembled 
here in Table 13; other details are given in the tables in Appendix D. 

In view of the facts that the thermic syphon can directly affect only 
boiler performance and that its direct effects have been discussed in 
the preceding chapters, it seems unnecessary to present here much 
discussion of the results relating to general and cylinder performance, 
which the syphon can influence only indirectly. The arrangement in 
Table 13 permits their convenient comparison; but some of these re- 
sults should be compared with caution, and with due consideration 
of the fact that they may be affected by such differences in conditions 
as existed in the two series of tests—differences, for example, in dura- 
tion of the tests, in rate of evaporation, and in heating value of the 
coal. The necessity of taking into consideration such differences in 
conditions is well illustrated in the discussion of indicated horsepower 
presented beyond. 


29. Duration of the Tests—The duration of the tests, as indicated 
in column 11 of Table 13, was as follows: 


Rates of Evaporation................... First Second Third Fourth 
Duration Without Syphons—hrs......... 7.961 5.472 3.483 2.850 
Duration With Syphons—hrs............ 8.700 6.061 3.872 3.128 


Remembering that in all tests of both series 20 000 pounds of coal 
were fired, these duration records, taken at their face value, provide 
a rough practical indication of the superiority of the syphon-equipped 
engine. The duration values with syphons, however, need to be a 
little discounted at all rates of evaporation; because the syphon- 
equipped locomotive, while it took longer to burn ten tons of coal, 
was producing at each rate a little less steam per hour. If the dura- 
tion values were discounted on this basis, they would nevertheless 
remain greater at:all rates. 


30. Indicated Horsepower—The values of average indicated horse- 
power developed during each group of three tests with the non-syphon 
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TaBLe 14 
InprcaTep HorsEPOWER AND WorK DONE IN THE CYLINDERS 
Without Syphons With Syphons 
Total Work 5 Total Work 
Indicated Duration of Performed Indicated Duration of Performed 
Rate of Horsepower the Tests During the Horsepower the Tests During the 
Evaporation Developed Tests Developed Tests 
Millions of Millions of 
Hours Foot-pounds Hours Foot-pounds 
1 2 3 4 5 6 7 
Wirst xc cahoots notes 911.9 7.961 14 374 892.3 8.700 15 371 
Seonad a eeanelasnidtters 1432.2 5.472 15 517 1369.0 6.061 16 429 
Dhird iy ac mem ecte 1950.5 3.483 13 451 1937.0 3.872 14 850 
Rotrths ren, 2254.1 2.850 12 720 2195.6 3.128 13 598 


engine at like rates of evaporation are shown in column 2 of Table 14; 
and during tests with the syphon-equipped engine in column 5. It is 
to be noted that the values there shown are less with syphons at all 
four rates of evaporation. In view of the fact that the pressures, 
the speeds, and the cut-offs are almost exactly alike in both series of 
tests, these horsepower values, superficially considered, may seem 
either inherently incorrect or inconsistent with the conclusions reached 
in Chapter V as to the gains effected by the syphons. They are, 
however, neither the one nor the other, and the apparent inconsistency 
disappears if we take into consideration two differences in the condi- 
tions prevailing in the two series of tests, namely, the differences in 
duration and in the weight of steam generated per hour. The duration 
values are repeated in columns 3 and 6 of Table 14; they are con- 
siderably greater, at all four rates, for the tests with syphons. The 
steam generated per hour, on the other hand, was somewhat less with 
the syphons at all four rates—the deficiencies being, respectively, 0.22, 
2.39, 1.91, and 2.42 per cent at the first, second, third, and fourth 
rates. As has been indicated in Chapter VI, had the draft in the 
syphon-equipped engine been greater by from 4 to 2 per cent it would 
have generated, at all rates, substantially the same weight of steam per 
hour as the non-syphon engine; but there would have remained differ- 
ences in test duration similar to those exhibited in Table 14—not as 
great, but certainly not much less. With evaporation thus equalized 
we should have, at each rate, the same horsepower as with the non- 
syphon locomotive, but maintained for a longer period. Such adjusted 
values of power and duration would enable us to make a just com- 
parison of the work performed in the cylinder in both series of tests, 
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It is not possible, however, to find the adjustments in duration entailed 
by equalizing the evaporation and power values, without basing such 
adjustments on the gains in evaporation with syphons discussed in 
Chapter V. But, since the purpose of the present discussion is to prove 
that the relation between indicated horsepower values is not incon- 
sistent with the gains in evaporation, it would be illogical to resort 
to a correction process based on these gains themselves. We must 
therefore accept without adjustment the direct test averages for horse- 
power and duration, and try to see how far the excess in duration of 
the tests with syphons offsets their deficiency in horsepower. 

This purpose may be attained by using the direct horsepower and 
duration results to calculate the total work performed in the cylinders. 
Considering the first evaporation rate, the average total work per- 
formed in the cylinders, without syphons, was 911.9 < 33 000 
7.961 < 60 = 14 374 087 000 foot-pounds;* whereas for the tests 
with syphons the work performed in the cylinders was 892.3 < 33 000 
X 8.700 60 = 15 370 740 000 foot-pounds. These values of cylin- 
der work are given in columns 4 and 7 of Table 14, together with the 
values at the three other rates of evaporation, similarly derived. 
Comparison of these values shows that the total work performed— 
for an expenditure of 20 000 pounds of coal—was greater at all rates 
of evaporation with the syphon-equipped locomotive. This showing, 
which is based directly upon the indicated horsepower values, is in 
entire agreement with the conclusions with respect to the superiority 
of the syphon-equipped locomotive based upon the record of evapo- 
ration per pound of coal or of boiler efficiency. The increases in cylin- 
der work performed with the syphons, when expressed as percent- 
ages of the work done without them, are of the same general order 
of magnitude as the gains in evaporation; although there is no precise 
equivalence. Precise agreement, however, is not to be expected, in 
view of the various slight differences existing between the two series 
of tests—differences in such quantities as steam pressure, steam tem- 
perature, superheat, and cut-off. 


31. Steam Consumption—The steam consumed per indicated 
horsepower per hour varies with both speed and cut-off; and usually 
the record of steam consumption for a locomotive is presented as a 
series of curves showing its variation with respect to both these fac- 
tors. In these tests, however, only three speeds and three cut-offs 
were used, and their various combinations do not yield enough points 


*Since one horsepower equals 33 000 foot-pounds per minute; and the test duration, in 
minutes, equals duration in hours x 
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TasBieE 15 
Srram ConsuMED PER INDICATED HorsEPOWER Hour 
Rates on Dvaporatlon caeccite reteset serene eras eteiemeoeetetsrerses First Second Third 
Steam Used, Without Syphons—Ib..............00e senna 18.11 16.86 18.43 
Steam Used, With Syphons—Ib..........-.......eeeeeeeee 18.74 17.30 18.02 
Speed, Without Syphons—r.p.m............0+2ceeeeeveces 80.0 120.2 119.9 
Speed, With Syphons—r.p.m........... 0. 0cce eee eceeenes 80.0 120.0 120.1 
Cut-off, Without Syphons—per cent............-....-000: 24.8 31.3 46.6 
Cut-off, With Syphons—per cent...........-. eee eee eens 24.3 30.1 47.1 


Fourth 


to define curves of steam consumption. All that can be done, therefore, 
to summarize the record, is to assemble, as in Table 15, the average 
values of steam consumed per indicated horsepower hour, of speed 
and of cut-off from Table 13—from columns 17, 7, and 10, respectively. 


32. Efficiency—Column 21 of Table 13 gives the average values 
of general or “overall” efficiency attained during the tests; that is, the 
percentage of the number of heat units contained in the coal which, 
during the tests, was converted into useful work at the engine drawbar. 


These values are as follows: 


EFFICIENCY OF THE LOCOMOTIVE—PER CENT 


iRatescot Hvaporavioneraeme encanta First Second Third 
Efficiency Without Syphons............. 5.72 6.63 6.17 
Efficiency With Syphons................ 6.38 7.05 7.09 


Fourth 
5.71 
5.89 


APPENDIX A 


THE LOcoMOTIVE 


As has been stated in Chapter II, the locomotive used for the tests 
was Illinois Central Railroad locomotive No. 1742, of the 2-8-2 type, 
built in 1915 by the Lima Locomotive Works, and bearing the build- 
er’s serial number 5046. Its general design is shown in Fig. 1 in that 
chapter, and in Figs. 15, 16, and 17 in this appendix. The boiler, the 
superheater, the front-end, and the auxiliary equipment have all been 
adequately described in Chapter II. The boiler construction and di- 
mensions are shown in Figs. 18 and 19. The syphons also have been 
described in Chapter II and are shown in Figs. 2, 3, and 4. 

Other details of the locomotive design are given in the following 
list which embodies all the information demanded by the American 
Society of Mechanical Engineers’ Test Code for Locomotives; and 
the numbers affixed to the various items of the list are the numbers 
used in that code. 


(9) Rated tractive force (m.e.p. = 0.85 bipaielbipsrecne secrete eee 58 588 
M10): Driving wheels, number of pairs................-.....cs....... 
(11) Driving wheels, nominal diameter, in........................... 63 
(12) Driving wheels, average circum., TEEISUIROOL, Mio co one woocaccencw> 15.761 
(13) Driving wheels, average diam., measured, in.................... 60.203 
(14) Engine truck wheels, number of pairs.......................... 1 
(15) Engine truck wheels, diameter, in... .........0.0ec0ee+e000000.. 30 
(16) Trailing wheels, number of pairs...............2..0.00000.00.., 1 
mereirailing wheels, diametér, ffi). .c4. <0 vsmcce once s bie s cus geonnoe 45 
Berm Recluse MUNiVINg, Ebean. fog ened bata cau peace en cates 16.5 
MRL CCL ASE, LOLALE Oct ory 4 205i, 7 ctaasoucld an ea Goreng aac ee ee 35.166 
20) eGaupe ol wheels in: orn ees Sai ne te Mee, al 56.5 
(21) Total weight of locomotive, with water at second gauge cock and 
averave. fines bier acne mimeo cen tie Nei fore ee 282 700 
Bemyecigiit on leading truck, Ib:\, 6 var). caso. 4 son evo doom reaetnee 26 300 
meaner cientron drivers, I..iae uk eens Olle) han an Sas ae 218 300 
Peeavvewht on trailing truck, 1b.4.555.-... sexe. ee ee 38 100 
fa Weight of tender, loaded, Ib. <3. 01.6... sgenee te snot ne ee an: 167 500 
capacity of tender, coal, tons. «desis en stn cas wT Cos ee 15 
(27) Capacity of tender, water, gal...............0c0eeeeeee Soa ST _ 9000 
seisoiler, types. xcc< ca. yak ok TOGO HOBO RO Sa NOUS o 5% Straight top, radial stay 
Ponirsh ring outside diameter) imisnaccee. aaa tee 
(30) Tubes, number......... sors hatevetss oetinn Senay een ay age eg 262 
Bene Lubes, outside diameter, in .% 5 .: asa etets «eels ess meomrel 
er MNEs et tarcKNess 4 iyo? shorn Gee ie Caen 0.134 in., No. 10 gauge 
(33) Superheater flues, number......... 2b RED, Aree Oe ih ea PD Ree 
(34) Superheater flues, outside diameter, in..................... Sere 5% 
sD) _Superheater flues, thickness... 0.2.2... 1. etc ee 0.148 in., No. 9 gauge 
(36) Length between tube sheets, ft.-in. .. MO Ree A o his ee ieee oe 20-41% 
(37) Fire area of tubes and flues (combined internal cross-section), sq. ft. 7.585 
rms COM TAT Sy NUMLOET 1,04 see Omnya cons Ai hie Ose hoes Fae wats 4 
(39) Arch tubes, outside diameter, in................-000eee00- ane a 3 
mA mArcHatubes thickness. ..> 2. n antNetee «- teed alee 0.180 in., No. 7 gauge 
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(41) Arch tubes, length, in..... ov Ws. c lesolelahn ouc  eatebtic 0a emer rena 120.5 
(42) Firebox, length (at grate), In........... eee e cence eee eens 120% 
(48) Firebox, width, in...... San auece wipers) suattnege giclee otale ke ON ats 84 
(44) Firebox, depth (perpendicular above grate), : 
at the front, i's... 5.06 sscaleln co ete eoiiotes oh ike Rene aie 78% 
ait Ghe back Insc alee ora tse seater anette ner teri Ree 66 
(45) Firebox, volume—without syphons, cu. feta go eee ae eee eee 346.0 
Au aL Sigal Moles, COOL Whicyosuncebonoondmnanucocs 336.0 
(46) <Fire doors, numbered. . 0s .i 5. eelacraecinis + sone Cqeires, ee eee es 1 
(47) Firedoor openings, area, Sq. ft........ 6-0. eee eee eee eee eee 1.69 
(48) Fire doors, hand or power operation.............-.0++ee eee ee eee power 
(49) Water space in boiler below second gauge cock, cu. ft...........-. 776.41 
(50) Steam space in boiler above second gauge cock, cu. ft se case ee Oo 
(Sil Grates ares, Soci itas = swine desist sieicteters toes eet te olsen a te deere 70.364 
(G2)eGrate swidth, hier wmerataeri Ratt it tert arr ere e nena 84 
(GR) Crane, Gira Wolke osaangaaeovsadcnooudomaassatmnoeag oo soon eT _ 120% 
(GEN Cranes Sa orelaebucloaus aces ou OugouoD domes mon oo 9d codons Rocking finger 
(55) Air inlets to firebox, total area, sq. ft..................---+-+:- 27.58 
(56) Ain mmlets throug berate, isO.et Us eile stim c tenant tent ie 25.89 
(57) Air inlets above fuel bed (fire door only), sq. ft...........-.....5 1.69 
(58) Ratio of air inlets through grate to grate area, per cent........... 36.8 
(59) Ratio of total air inlets to grate area, per cent..............-.-.. 39.2 
(GO) eAreayofarminletestonashpaliynsc|: tactile atti terrier keer 11.0 
(61) Ratio of ashpan air inlets to area of tube and flue openings, per cent 145.1 
(G2)mSuperheaters types acne: doses oe eee toe Cet tear A 
(63) Superheater elements, number.........0.-2--02-++2-2ee- cee 36 
(64) Superheater elements, average length in flue, ft.-in............... 17-8 
(65) Superheater tubes, outside diameter, In..................2...05. 1% 
(G6)) Superheaten tubes, thickness ins. rire 0.150 
(Ge Bricksarchies Klas ents cisscty oe Gis oue okekesersre res tue ste asst aie ene eee “Security” 
(68) sMeedwater heaters: sis. 6 a3 ee ease cubensis Hee rue rac nel operon None 
(COVES COST a0 si cides douse Git ona, aces ace eHehe oobtouan dhe en bene eet orton tenet owen eek meet None 
(TO) MReVerse POAL «4.2 nre 5 cia tae ke eo comer eetear eerie: (pneumatic), Ragonnet 
(qal) PAUACOMMPILCSSOL a meee ee i teeta Two N.Y.A.B. Co. cross-compound 
(2) Blectric:zenerators .\...0kmecis eee cece reir eerie Buda-Ross 
(Zo) MGTATErSDAKEES 35d Saces ucla ae acest Ae Siar ohetel tere eters CRN ets Hand lever 
(ANSI CCLORS ear, fin reso ae nse Simplex: right side, No. 11; left side, No. 10 
(oymSatetyavalves: ete eens Two 34-inch, muffled and one 3/4-inch, open 
(76) Thermic syphons: 
Durmestests 2700 1012 “4 einclusivessamerr sen ee aan None 
Durinetests!2/15)tow/s2y IN ClLuSiVes seein ee ieee Two 
(ih) Circulating plates. sme: corceie eee ne ee eee eet ree None 
(78) SBOOSbErCNRINES: | Leo... ls tose orale eter aL CR ne eee ieee None 


Heating surface—based upon the inside of firebox; and the fireside of tubes, 
flues, superheater, arch tubes, and syphons, sq. ft.: 

Without With 

Syphons Syphons 

4742.2 


(CEOs LOCALE x a's eae sees ePan espe ate concn Mea atone tes AOR ae eee 4797 .2 
(SO) mOfatheatubestamcdetliestevs esr ieeset ste ate eae eee 3401.2 3401.2 
(Si) sOiithe firebox, inclidingisyphons areas reer 235.0 305.8 
($2) “Ofethe superheatera. somata ees ee ore eee eee 1074.4 1074.4 
(83) Of the arch tubes...... el ict scape acPeMeteng ont AN On wae 31.6 15.8 
(83a) Total water-evaporating surface..................... 3667.8 3722.8 
(84) Exhaust nozzle, type................ Round, with 34-inch knife-edge bridge 
(85) Exhaust nozzle dimensions............ 614-in. diameter, with 34-inch bridge 
(SG) BEixhaustmozzlerareas mets isc lial ie sisi rate ee ee 28.34 
ee Left 
ide 
(Sia @ylindersdiameters In. sheer rycen aes 27.078 on 
(88) Pistonistrokes:im mee. 1.1: pege eevee hclcic ace eee ees 30.00 30.00 
(89) =Piston-rodidiameter sinker rice cle eee ee 4.000 4.531 


(90) Tail-roddiameter. .. .sNmene i ero ee None None 
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(91) Clearance, head end, per cent....................-... 8.70 8.70 
(92) Clearance, crank end, per cent....................... 8.87 8.90 
MEN DEVS UY LG Ni SMO eg OUR Ee ge TR toe a goa Se Piston 
Pe Oi Pea POTTS ALES, SQS IMs. «ok aos. os cay ec Civel vec. l,l e 52.01 
yey alve travels Hiaximilin, iNew ss4. oc asa. ce. ledion. sc ol. kk. 6.0 
RES reaTO VSD Mi a aCe R Cw toe cy aad. Rahs ll pote 1 735) 
Bue xtinust clearances ine Avie ee wh de ete Skee 0.125 
Be my elveMOtlOn, ty pele. nae erie so eee eee kc haa Walschaerts 


Without With 
Syphons Syphons 


(99) Ratio of total heating surface to grate area............ 67.40 68.18 
(100) Ratio of fire area through tubes and flues to grate area.. 0.108 0.108 
(101) Ratio of firebox heating surface to grate area........... 3.79 4.57 


(103) Ratio of firebox volume to grate area.................. 4.92 4.78 
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Fig. 19. Tur Borner or ENGINE No. 1742—Cross-Sections at THE FIREBOX 
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APPENDIX B 


Test ProceDURE AND METHODS 
The purpose of this section is to supplement Chapter IV, in which 
the general test conditions, the firing methods, methods of starting 
and stopping tests, the delivery of the feedwater, the weighing of the 
fuel and water, and the control of cut-off and speed are fully presented. 
It deals with further details of test procedure and equipment. 


1. The Laboratory—The laboratory has been described fully in ~ 
several publications: Bulletin 82 of the University of Illinois Engi- 
neering Experiment Station; Proceedings of the American Railway 
Master Mechanics’ Association, Volume 46, 1913; Proceedings of the 
Western Railway Club for March, 1913. An interior view of the 
plant, with a locomotive mounted and ready for testing, is shown in 
Fig. 6 in Chapter IV. Since its establishment, additional supporting 
wheels, bearings and absorption brakes have been added to the labo- 
ratory equipment, and many minor improvements have been made in 
the details, but no changes have been made which affect the princi- 
ples of operation of the major equipment. It seems necessary there- 
fore to present here only a brief description of the cinder separator. 
The exhaust steam, hot gases and entrained solid matter, received 
from the locomotive stack in an overhead duct, are discharged, by 
means of a blower, tangentially into a brick-lined separator chamber 
18 feet in diameter and 36 feet high, surmounted by a 45-foot chim- 
ney. An extension of the chimney, 814 feet in diameter, reaches down- 
ward into the separator, the bottom of this extension reaching below 
the bottom of the breeching through which the gas mixture is re- 
ceived. The lower portion of the separator chamber is an inverted 
cone. Solid matter, as a result of the downward and whirling motions 
imparted to the smoke stream, drops to the bottom of the cone, where 
a trap permits its removal. The gaseous portion flows downward and 
around the lower edges of the chimney extension and is thence dis- 
charged. This separator has been found fully effective, there being no 
discharge of solid matter from the top of the chimney. 


2. Cleaning and Inspection—The boiler of the locomotive was 
washed out before the tests began, and it was given a thorough clean- 
ing after the syphons were installed. It was washed out twice during 
the first series of tests, and it was blown down, drained, and refilled 
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six times in addition. During the second series it was blown down, 
drained, and refilled ten times. The tubes and flues were cleaned and 
the front-end was opened and cleaned after every test. The ma- 
chinery of the locomotive was under almost continuous inspection, and 
the lubrication of all parts was carefully watched. After preliminary 
runs (which are not included among the tests discussed in this bulle- 
tin) minor adjustments were made in the valve gear to equalize the 
cut-off; and at various stages of the regular tests minor work was 
done on the piston-rod packing, grease cellars, rod-stub wedges, and 
similar parts. Between the two series of tests the locomotive received 
the regular monthly government inspection and was found in good 
condition. 


3. Calibrations and Observation Interval—All instruments used 
in the tests were calibrated before the beginning of the first series, 
again between the first and second series, and at the close of the second 
series. Many instruments received intermediate calibrations as well. 
During the tests, readings of all non-recording instruments were taken 
at ten-minute intervals. Indicator cards were taken at the same time; 
but in the long tests, if it was found that the cards were uniform (as 
they invariably were) the number of sets of four cards worked up 
was reduced to eighteen or twenty. 


4. Sampling and Analysis of the Coal, Ash, and Cinders.—In view 
of the fact that the coal all came from the same portion of the same 
mine, and because of the similarity of the methods by which all por- 
tions of the consignment were handled, the method of sampling for 
chemical analysis specified in the A.S.M.E. Code was somewhat sim- 
plified. The process actually used was as follows: During the filling 
of each barrow of coal to be used in the tests, three shovelfuls from 
different portions of the pile, which would normally have gone into the 
barrow, were placed in sample cans. During the firing of twenty bar- 
rows of coal a sample weighing about one thousand pounds was thus 
obtained. This thousand-pound sample was emptied on a clean metal 
plate and crushed with tamps to about a two-inch maximum dimen- 
sion; it was then mixed, coned, and quartered three times, reducing 
the sample to about 120 pounds. This reduced sample was then 
further crushed on the plate by tamping to quarter-inch lumps, and 
twice mixed, coned and quartered, leaving thirty pounds. The thirty- 
pound remainder was crushed to coarse dust in a ball mill, and emptied 
on a clean piece of canvas; here it was finally mixed by rolling in the 
canvas and quartered down to a two-pound analysis sample. 


72 ILLINOIS ENGINEERING EXPERIMENT STATION 


The ash from the test is divided into two parts: that accumulating 
in the ashpan, and that remaining on the grate at the close of the 
test. After the conclusion of a test the “pan ash” was removed first, 
and the pan and the floor beneath were left clean. The grate was 
then shaken with the ashpan hopper doors open, and the grate ash was 
quenched. Each lot of ash was weighed and sampled, the sampling 
process being as follows: From each barrow of ash from three to five 
shovelfuls were removed and placed in a sample can, in this way 
obtaining samples of a gross weight of 200 to 250 pounds, representing 
all portions of the contents of the ashpan or grate. In a few cases 
the total ash in the pan was so little that the entire amount was used 
as a sample. The gross samples (two for each test—grate ash and 
pan ash) were dumped on clean concrete pavement, and any large 
lumps were broken down to about a two-inch maximum dimension. 
The sample was then mixed by shovelling, and coned and quartered 
down to about a twenty-five pound sample. This remainder was spread 
on the pavement, crushed to pea-size, mixed, and quartered down to 
a quart-jar analysis sample, weighing about one and one-half pounds. 

The sampling of cinders consisted merely of taking several small 
scoops from each wheel-barrow load that came from the separator, 
making a quart-jar sample. The cinders were perfectly homogeneous 
as far as could be seen, but by the method used a representation of 
all periods of the test was secured. 

The chemical analyses of the coal, ash, and cinder samples were 
made by the University Applied Testing Bureau, under the direc- 
tion of Mr. J. M. Lindgren, Technical Analyst. The methods of 
analysis used were those prescribed by the American Society for 
Testing Materials. : 


5. Determination of Total Ash per Test—Aiming at equality in 
the amount of combustible on the grate at both ends of a test, the 
A.S.M.E. Code implies that in so far as may be practicable the fire 
depth should be the same at the end as at the beginning. In these 
tests, although this goal was kept in view, it proved impracticable to 
maintain the same fire depth; attempts to do so entailed so much 
shaking of the grates as to throw considerable amounts of unburned 
coal into the ashpan and to seriously impair the condition of the 
fire. The firebed consequently had to be allowed to grow in thick- 
ness during all tests. The material remaining on the grate at the end 
of the test (which has been referred to in preceding paragraphs as 
“grate ash’) comprised, therefore, not only live fire, but the accumu- 
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lation of ash which, had it been feasible to do so, would have been 
shaken into the ashpan during the progress of the test; and this ash 
contained presumably the same percentage of carbon as the ash ac- 
tually shaken into the pan. In view of these facts the total weight 
of ash produced during each test has been taken as the sum of the 
weights of “pan ash” and “grate ash” found at the end of the test, 
diminished by the weight of the live fire remaining on the grate at 
the end. In order to determine this weight of live fire, it has been 
assumed that the weight of live fire at the end was equal to the weight 
of fire at the beginning, and its weight has been calculated from the 
observed depth and the estimated density of the fire at the beginning. 
To find the heating value remaining in the total ash per test thus 
lerived, its weight has been multiplied by the heating value per pound 
found by analysis of the pan ash. 


6. Sampling and Analysis of the Flue Gas—Flue gas samples were 
taken every hour, the period during which the sample was drawn 
lasting from twenty to twenty-five minutes. The samples were col- 
lected over mercury and stored thus if necessary; but in general the 
samples were analyzed as soon as taken. For the determination of 
the percentages of the principal constituents of the flue gas a stand- 
ard Orsat apparatus was used, the burette being graduated to 0.2 cc. 
The Orsat results should be correct to about one tenth of one per 
cent. The University Applied Testing Bureau analyzed, for each test, 
a sample which had passed through the Orsat apparatus, and uni- 
formly reported that no quantity of hydrogen or methane that could 
be measured remained. This analysis (by the slow-combustion 
method) also demonstrated that all carbon monoxide had been re- 
moved in the Orsat analysis. 


7. Screen Analysis of the Coal—A screen analysis was made cor- 
responding to each carload of coal used in the tests; and an additional 
analysis was made to correspond with a part of a carload which had 
been transferred to another car, and considerably broken up in the 
process of transfer. For the screen analysis three box screens were 
used: these consisted of metal boxes fitting together, each box having, 
in its bottom, round holes of the diameter used to specify the size of 
the screen. The coal was thus divided into four size-components, and 
the work was done with sufficient care so that the total of the four 
components checked the total weight of the sample within one pound. 
The sample for screen analysis was a thousand-pound barrow of coal 
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loaded in the expectation that it was to be fired as test coal. This 
barrow of coal was in every case inspected by the representatives of 
the codperating companies and the University, and agreed upon as, 
in their judgment, fairly representative of the carload. 


8. Temperature Measurements——Gas temperatures were taken in 
the firebox below and above the arch, and in the front-end below the 
table-plate. In the firebox platinum — platinum-rhodium thermo- 
couples were used, and the front-end couple was of iron- constantan. 
Firebox temperatures were read on a Leeds & Northrup two- point re- 
cording pyrometer, except for the above-the-arch temperatures in 
the second series, where the readings were mostly below the range of 
the pyrometer; such readings were taken on a portable potentiometer. 
The front-end temperatures were read on a Leeds & Northrup single- 
point recording pyrometer. The firebox thermocouples were cali- 
brated by comparison with standard pyrometers in the University 
heat-treatment laboratory, the calibrations being made with the lead 
wires attached. The front-end pyrometer was calibrated in a hot 
oil-bath against a standard thermometer. Steam temperatures were 
measured in the steam pipe and exhaust passage on the right side of 
the engine by iron-constantan thermocouples, calibrated in the same 
manner as the front-end thermocouple; and these temperatures were 
recorded on the chart of a Leeds & Northrup two-point recording py- 
rometer. 


9. Measurements of Steam Pressure and Quality.—Steam pres- 
sures were read on the back head of the boiler, in the steam pipe lead- 
ing to the right cylinder, in the exhaust passage from this cylinder, and 
in the right steam chest. On the back head and on an adjacent gauge 
board were located three steam gauges: the regular locomotive gauge 
(an eight-inch gauge with five-pound graduations), a standard test- 
gauge ten inches in diameter and graduated to one pound, and an 
eight-inch recording gauge. The pressure in the steam pipe was read 
from a six-inch gauge which had five-pound graduation and a throt- 
tling connection to reduce the variation in pressure resulting from the 
cylinder action. The exhaust pressure was indicated by a similar 
five-inch gauge, also throttled, in the third rate and high rate tests; 
but in the tests at the two lower rates exhaust pressures were read 
from a mercury manometer. Every pressure gauge received at least 
four calibrations and adjustments during the course of the tests. The 
steam pressure in the valve chamber was recorded at intervals on the 
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right-side head-end indicator cards. To determine the quality of the 
steam a throttling calorimeter was employed. This instrument had an 
opening of 0.04 inch diameter, and discharged about 12 pounds of 
steam per hour. This amount, being an insignificant proportion of the 
total, was ignored in the steam calculations involving it. 


10. Draft Measurements —Drafts were measured in the front-end, 
both in front of and behind the diaphragm, at three points in the fire- 
box, and in the ashpan directly below the grate. For the front-end 
readings Ellison vertical gauges with extended scales were used, ordi- 
nary U-tube check gauges being connected in parallel. For the A and 
C readings in the firebox (see Fig. 15) ordinary water manometers 
were used; for the B reading and for the ashpan reading Ellison differ- 
ential gauges were used. 


11. Speed Measwrements—The approximate speed of the loco- 
motive in revolutions per minute was indicated by an electric ta- 
chometer—a small generator connected directly to the right back 
crank pin indicating the voltage developed on a meter graduated to 
read directly in revolutions per minute. This device was chiefly for 
the guidance of the operator who controlled the speed by varying 
the brake load. For accurate indications of speed a revolution counter, 
actuated by the reducing motion on the right side of the locomotive, 
was read exactly on each observation signal; and speed adjustment 
was made to correspond with the number of revolutions made since 
the last reading, the operator responsible for speed adjustment being 
informed after each reading as to the excess or deficiency during the 
preceding interval. 


12. Indicated Horsepower Measurements—Four indicators were 
used throughout the tests. On the right side in all tests a pair of 
Crosby outside-spring indicators were used. On the left side through 
part of the tests a pair of identical indicators were used; and during 
the remainder a pair of integrating Maihak indicators were employed. 
Calibrated 100-pound springs were used throughout. The reducing 
motion, which gave a card three inches long, was of the double- 
slotted lever type, operated by an arm extending downward from the 
crosshead. 


APPENDIX C 


SupPLEMENTARY Test No. 2732 


In Chapter VI it was pointed out that during the tests with the 
syphon-equipped locomotive there was, at the beginning of each test, 
a gradual decrease in the time required to fire successive half-tons of 
coal; that is, there was during the firing of the first four or five thou- 
sand-pound barrowloads, while the fire thickness was probably build- 
ing up faster than it did later in the run, a gradual increase in the rate 
of firmg. The purpose of supplementary test No. 2782, which is dis- 
cussed in this appendix, was to determine whether this increase in 
firing rate manifests itself only at the beginning of a run, or whether, 
if the locomotive were stopped and started later in the test, it would 
again show itself. 

Test No. 2732 was accordingly so planned that the engine would be 
twice stopped and started after the original start, the imterval be- 
tween stops being long enough for the firing rate to go through this 
period of increase and then settle down to a practically uniform rate 
as it did during the regular tests. The general procedure for the test 
is outlined in paragraphs (A) to (F), which follow. 

(A) The preparations for the test were in every respect like those 
for the regular tests at the lowest rate of evaporation; the starting pro- 
cedure was also the same. 

(B) After five barrowloads (5000 lb.) of coal had been fired, the 
test was stopped in the usual way; that is, when, after the last shovel- 
ful of this coal had been fired, the boiler pressure began to fall, this 
portion of the run was declared ended, and the engine was stopped. 

(C) Upon stopping the engine, the injector was shut off and the 
fire door opened. Conditions remained thus for about thirty minutes 
during which, in each of the two stops, the grates were once shaken. 

(D) The locomotive was then started again, and the fireman 
began building up the fire in preparation for the second running period 
of the test. The preparatory operations were the same as those for the 
original start; that is, the engine was run long enough to attain the 
desired operating conditions (of load, speed, etc.), and then kept run- 
ning under these conditions for an additional fifteen-minute or twenty- 
minute period before the second running portion of the test was 
started. 

(E) After the second running portion of the test was started, five 
barrowloads of coal were again fired, as in the first portion; the engine 
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TABLE 16 
Tue Various Periops or SUPPLEMENTARY Test No. 2732 
Duration of Period Coal Fired 
during 
Period of the Test Period 
Limits Minutes Pounds 
] Piring Up........ Nao Ooh Bano TAO GOORO AS on OSD AH OO AEE ee aOn 6:00— 8:20 140 1850 
! Preliminary Running Before Original Start................00 07! 8:20— 9:00 40 1660 
PEMEESRCUNNING PERIOD. 0. ccs ceeccnicnccce sss tee, 9:00—11:20 140 5000 
(NO Ai Re er ee ne en 11:20—11:51 31 285 
! Preliminary Running Before Second Start.................... 01, 11:51—12:20 29 1450 
WEHCONDPRUNNING PHRIOD. .......401¢s-00000s cul, 12:20— 2:38 138 5000 
f Second Stop..... PUeaoHoeaune at Sjateserakels nvnparersvepete fait s7=y-facsietesas eet < 2:38— 3:04 26 507 
) Preliminary Running Before Third Start................000.1 3:04— 3:35 31 1774 
MEEEEDELUNNING! PHRIOD:. «050k Secckc es ccnclocsl nine 3:35— 5:38 123 4000 


‘was then stopped and handled as explained in paragraphs (B) and 
(C), and finally started once more, as in (D). 
(F) After firing, in the last running period of the test, four bar- 
rowloads of coal, it was seen that the test had served its purpose and 
iit was finally discontinued—the final stop being made as explained 
fin (B). 

The left injector was continuously in operation during the running 
periods, and shut off during the stops. During stops the right injector 
Was used as required, to make up the losses through the safety valves 
and the blower. The shaking of the grates was left to the judgment 

of the fireman. In general, the fire was handled during the stops about 

as it would ordinarily be handled during a half-hour stop on the road. 
Throughout the tests the usual records of weights and times were kept 
—for each tank of water and each barrowload or partial load of coal. 
In addition, the time of each firing and the number of scoopfuls of 
coal fired were observed and recorded on a chronograph. The duration 
of the various periods of this test and the amount of coal fired in 
each period are shown in Table 16. 

A complete graphical record for this test is presented in Fig. 20. In 
‘this figure the fine vertical lines denote each 10 minutes from 8:20 
A.M., when the engine was started, until 5:40 P.M., after the final 
‘Stop. Beginning at the top of the figure the ten records are, in suc- 
cession, as follows: 

(1) A record of depth of fire, which extends throughout each run- 
ning period. The scale for this record extends from 0 to 20 in. 

(2) A record of boiler pressure, which continues unbroken through 
the entire test period. 
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(3) A record of drawbar pull. The pull, of course, ceased during 
the ‘stops, and is not here recorded during the preliminary running. 

(4) A record of the time at which the ereates were shaken, and of 
the approximate duration of the shaking process. These facts are 
indicated by the short wavy lines which appear in the space allotted 
to the firebox temperature record. 

(5) A record of temperature of the gases in the firebox, below 
the arch. This record continues throughout all periods of the test. 
lis scale extends from 1000 to 2000 deg.; during the stops, however, 
the temperature dropped below 1000 deg., as indicated. 

(6) A horizontal line showing the operation of the injectors. This 
record has no scale at the left of the diagram, since it is used to show 
simply the times at which the two injectors were started and stopped. 
Both were never in operation at the same time. 

(7) A record of the time required to fire one thousand pounds of 
coal. This, in one sense, is the chief record of the test, since the test 
was undertaken in order to discover what variations in firing rate 
occurred. The record consists of a series of short horizontal lines 
whose height above the base line shows the number of minutes required 
to fire the corresponding half-ton. Firing of the third half-ton in 
the first running period, for example, began at 10:02 A.M. and finished 
at 10:28, requiring therefore 26 minutes; and the horizontal line cor- 
responding to this half-ton is consequently drawn at a distance above 
the base line which represents 26 minutes (see the scale at the extreme 
left). The corresponding firing rate, expressed in pounds fired per 
hour, is 2307; and this amount may be read on the second (inner) 
scale. Within the stops and the preliminary running periods, where 
coal was not fired with regularity in thousand-pound lots, this record, 
being a mere “rate” line, is to be interpreted as showing the minutes 
which would have been required to fire 1000 pounds, had the coal 
actually used amounted to just that much. 

(8) A record of the number of scoopfuls of coal fired and of the 
time at which they were fired. This record consists of dots. The height 
at which each dot is plotted represents, on the scale provided, the 
number of scoopfuls; whereas its position sidewise represents the time. 
Between 10:40 and 10:50, for example, three dots are plotted. They 
indicate that at 10:43 and also at 10:47 six scoopfuls of coal were 
fired; and that again at 10:50 coal was fired—this time, five scoop- 
fuls. 

(9) A record of the weights of coal fired. This consists of figures 
denoting weights of coal, and of very short vertical lines which extend 
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TABLE 17 
SumMMAaARyY or THE RESULTS OF SUPPLEMENTARY Trst No. 2732 


Minutes to Fire Successive Half-tons of Coal 


Running Periods of Test 2732 
First Second Third 
Bee ETAL LOR ere et 2)oh a )oreick= advohiale-csssacctda ove dts Sines 31 31 32 
. aL LEE AS One a See ar en a 31 28 31 
RTS ENE) sae A ee an a Sl 26 29 30 
1 cutie a ciel ge ee 28 25 29 
intent LOD rae ge anaes cla acne vaaranhshe 23 24 
| ERED TB TENS 6 ae ee ae ee I 27.8 27.4 


upward from a base line. The vertical lines define the time at the 
beginning and at the end of the period during which the corresponding 
weight of coal was fired. Immediately preceding the initial start, for 
example, 510 pounds of coal were fired, beginning at 8:46 and ending. 
-at 9:00 o’clock. This record provides the data from which record No. 
"7 is derived. 
(10) A record of the feedwater injected. This consists of figures 
denoting weights of water contained in the weighing tank, and of short 
vertical lines extending downward from a base line. These verticals 
‘define the time at the beginning and at the end of the period during 
} which the weighing tank was being emptied into the feed tank from 
which the injector drew its supply. Since the water level in the feed 
tank was kept nearly constant, the period referred to corresponds 
closely with the period of injection of the specified weight of water. 
Inspection of Fig. 20 shows that throughout each of the running 
periods there was an unmistakable decrease in the time required to 
| fire successive half-tons of coal—even in the third period, after the 
| locomotive had been fired up for more than seven hours. The varia- 
tion is, however, probably more easily seen in Table 17, which sum- 
|marizes the results of this test. It is apparent that the change in 
| frig rate occurs not only in the first running period, but in each of 
(the two succeeding periods; and that the variation is as pronounced 
iin the third period as in either of the others. The variations, further- 
imore, are closely like those which occurred during the initial periods 
(of the low-rate tests of Series II. 


APPENDIX D 


TABULATED DaTA AND RESULTS 

It is the purpose to present in this appendix the detailed results of 
each of the 31 regular tests run during the entire investigation. The 
results are given in Tables 18 to 34, inclusive, which follow. In these 
tables the results are first presented for the tests of Series I, run with- 
out the syphons; and then, in the lower half of each table, for those 
of Series II, with syphons. In each series the tests are grouped with 
respect to their rates of evaporation. 

As has been previously stated, the results given in the body of 
the bulletin relate exclusively to 24 accepted tests—three tests at 
each of the four rates of evaporation in each of the two series—whose 
test numbers are listed on page 22. The tables in this appendix, how- 
ever, include not only these 24 tests, but 7 other tests which, for 
reasons stated on page 22, were rejected from among those upon which 
the discussion and the conclusions given in the body of the bulletin 
are based. These 7 rejected tests are distinguished in Tables 18 to 34 
by asterisks in the test-number columns. 

In Tables 18 to 34, in addition to the values for each test, average 
values are given for each group of tests run at like rates of evapora- 
tion—for all quantities for which averages may logically be made. It 
should be particularly noted that these averages for each group are 
based upon all the tests shown in that group, “rejected” tests as wel 
as “accepted” tests. As a consequence, the group averages given iz 
Tables 18-34 are the same as the corresponding group averages usec 
in the body of the bulletin, only for the first, second, and third rate: 
of evaporation in the series of tests without syphons, and for the firs 
rate in the series with syphons. All other group averages given in thes 
tables—because these groups comprise rejected tests—differ from th 
corresponding group averages used in the text, the tables, and th 
figures in the body of the bulletin. 

In arranging the data and results in the tables of this appendis 
the order of the item numbers of the A.S.M.E. Test Code for Stear 
Locomotives has been generally adhered to. Such deviations from thi 
order as have seemed desirable are specified beyond. With a few ex 
ceptions, which are likewise specified, the methods recommended i 
that code for calculating derived quantities have been used in de 
riving the results of these tests. The steam tables used in the caleu 
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) lations are those prepared by J. H. Keenan and published in 1930 by 
the American Society of Mechanical Engineers. 

The following items, although they are not called for by the Code, 
) are presented in these tables: 

Boiler pressure at the beginning and end of the tests, following 
Code Item 121. These data are of interest in themselves and are re- 
‘quired for the calculation of Items 188 and 189. 

B.t.u. content of the ash on the grate at the close of the test, fol- 
lowing Item 137. This information is presented as an indication of fire 
‘ condition at the end of the tests; and, for the same reason, the analysis 
for the grate ash is given in two columns following Code Item 174. 

Air used per pound of carbon burned (following Item 153) is an 

i intermediate value of some interest. 
Four items concerning the weight of ash remaining on the grate 
: at the close of the test and the total weight of ash to be considered 
: as produced during the test follow Code Item 165. The method of 
correcting for the ash which would have been in the ashpan had it 
been possible to shake the fire down to its starting level is explained 
'in Appendix B. 

Volatile matter in cinders, following Item 174, is useful in explain- 
ing a higher heating value of the cinders than their carbon content 
‘ accounts for. 

Total moist steam evaporated, following Item 189. 

Total steam to the superheater, following Item 190. 

B.t.u. transferred to the boiler per pound of coal fired, and the 
same per pound of dry coal fired, following Item 217. 

Tractive effort based on mean effective pressure, following Item 
234. 

Values of equivalent evaporation per hour, per square foot of com- 
bined heating surface, per pound of coal as fired, and per pound of dry 
coal are presented in columns following Item 199. The A.S.M.E. Code 
presents corresponding values in terms of “Heat Transfer in Thou- 
sands of B.t.u.,” but the long-continued use of equivalent evaporation 
as a means of comparison seems to warrant its presentation, in addition 
to that of the newer unit. 

A list of the code items follows, with statements as to their position 
in this bulletin, their arrangement in the tables following, and the 
reasons for the omission of those not presented. 

Items 1-103 deal with the dimensions and specifications of the 
locomotive, and are presented in Appendix A. 
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Items 113-114-115, 126, 183-184-185-186-187, 193, 205-205a, 235 
and 242 do not apply to a locomotive without a feedwater heater, and 
are consequently omitted. 

Items 169 and 170 are omitted because the front-end cinders, being 
insignificant in amount, were mixed with the stack cinders before 
weighing. The total weight appears as Item 171. 

Item 184 is omitted because the injector overflow was returned 
to the feed tank. 

Item 215 is omitted. It would be the same as Item 200, since there 
was no loss of superheated steam. 

Items 106, 147, and 148 are omitted, because they define unvarying 
quantities or facts which are stated in the text. 

Item 191 is omitted because no superheated steam was used in 
auxiliaries. 

For the sake of convenience, Items 200 and 201 were calculated 
by means of the following formulas, instead of by the methods sug- 
gested in the Code: 


Item 182 + Item 188 — Item 190 


Item 200 — an ioe 
Item 182 + Item 189 
Item 201 — Item 104 


The following Items are presented in the tables but somewhat out 
of numerical order: 
Items 112, 116-117 follow Item 120 
Items 118-119-120 follow Item 111 
Item 201 follows Item 189 
Items 216-217 follow Item 204 
All of the other code items, as follows, appear in the tables nearly 
in numerical order and are calculated as specified in the Code: 
104-105, 107-111, 121-146, 149-168, 171-174, 176-182, 188-190, 192, 
194-199, 202-204, 206-214, 218-234, 236-241, 243-246. 
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TABLE 18 
GENERAL ConpiITIONS 


General Test Temperature, Degrees 
Conditions Speed Fahrenheit 
Dura- Host: 7 
tion | ina ; ae 
Noe Sinn Outs Revolutions Equivalent In Laboratory 
With or | Rate of Test | off | 
Vithout |Hvapo- Speed | L i 
d pee ength | Piston Out- 
Syphons | ration Per Total in of Speed, | Dry | Wet, | door 
Minute Miles | Run | Average} Bulb | Bulb 
Per per Hour ‘ Feet per 
Hours | Cent Miles | Minute | 
= | 
Code Item (2 104 105 107 108 109 110 111 118 119 120 


Without | First 2702 | 8.033 | 25 80.04 | 38 579 | 14.34 | 115.16 | 400.20 | 65.50 | 59.75 | 55.67 


Syphons 2703 8.083 25 80.04 | 38 821 | 14.34 | 115.88 | 400.20 | 54.14 | 46.42 | 45.61 
2706 | 7.767 | 25 80.03 | 37 284 | 14.33 | 111.29 | 400.15 | 71.93 | 67.43 | 66.79 
Average| .... oe SOU04a| Maer tes WAN 84.9) cousiers A200 (18) | av eisia| Reyere | erie 


Second) 2701 | 5.567 | 30 | 120.45 | 40 213 | 21.57 | 120.03 | 602.25 | 61.25 | 55.32 | 48.21 
2704 | 5.450 | 30 | 120.00 | 39 227 | 21.49 | 117.09 | 600.00 | 59.10 | 49.20 | 47.80 
2707 | 5.400 | 80 | 120.00 | 38 859 | 21.49 | 115.99 | 600.00 | 84.40 | 74.20 | 78.96 

Average| .... AF L2O AL Ss lire PASS ae ene GOO FTO: ier | Wreleenrsr all me ets 


Third | 2705 | 3.500} 45 | 120.05 | 25 185 | 21.50 | 75.18 | 600.25 | 62.10 | 54.10 | 52.40 
2708 3.417 45 119.59 | 24 496 | 21.42 73.12 | 597.95 | 82.17 | 72.79 | 78.47 
' 2714 3.533 45 120.01 | 25 427 | 21.49 75.90 | 600.05 | 86.37 | 77.15 | 81.00 
Average] .... a LUOESS al) eae DA Tals iaeere Oey Col aea esis aes 


*2709 | 3.000 | 45 | 160.38 | 28 887 | 28.72 | 86.23 | 801.90 | 75.80 | 63.83 | 68.79 


Fourth] 2710 | 2.850 | 45 | 179.94 | 30 891 | 32.23 | 92.21 | 899.70 | 78.70 | 72.30 
*2711 2.200 | 45 | 180.63 | 23 839 | 32.35 | 71.16 | 903.15 | 86.27 | 74.40 | 81.40 
2712 | 2.850 | 45 | 180.04 | 30 763 | 32.25 | 91.83 | 900.20 | 80.90 | 70.10 | 73.77 
2713 | 2.850 | 45 | 180.19 | 30 788 | 32.27 | 91.90 | 900.95 | 86.40 | 71.80 | 82.20 


Averagelice. 2 alii .c<) 180,201] Seve 32.28 | ..... 90010 |vanc. av [actin | 
With | First | 2716 | 8.567 | 25 | 80.00 | 41 106 | 14.33 | 122.70 | 400.00 | 86.80 | 70.50 | $3.10 
Syphons 2719 | 8,800 | 25 | 80.01 | 42 294 | 14.33 | 126.24 | 400.05 | 80.60 | 65.90 | 77.00 
2724 | 8.733 | 25 | 80.00 | 41 949 | 14.33 | 125.22 | 400.00 | 87.60 | 70.30 | 85.00 
Average] .... ae 80) OOF) Retererane pS Ee lence 400502) | Fess sally ones ee 


Second] *2715 | 3.000 | 30 | 120.01 | 20 238 | 21.49 | 60.41 | 600.05 | 64.90 | 61.20 | 58.20 
*2717 + | 5.817 | 30 | 120.00 | 41 903 | 21.49 | 125.08 | 600.00 | 69.50 | 64.50 | 61.30 
*2720 | 5.700 | 30 { 120.04 | 41 039 | 21.50 | 122.50 | 600.20 | 83.70 | 68.70 | 80.00 
2725 | 6.100 | 30 | 120.03 | 43 956 | 21.50 | 131.21 | 600.15 | 88.20 | 71.40 | 85.30 
2728 | 6.117 | 30 | 119.98 | 44 001 | 21.49 | 131.34 | 599.90 | 78.04 | 66.74 | 73.44 
2729 | 5.967 | 30 | 120.01 | 42 958 | 21.49 | 128.23 | 600.05 | 79.74 | 64.89 | 75.06 
Average] .... si P2OT0TT | Were wrote 7A Oe ae GOO OG ul terrace teehee etre 


Third | 2722 | 3.917] 45 | 120.00 | 28 197 | 21.49 | 84.17 | 600.00 | 68.50 | 60.00 | 62.60 
2723 | 3.850 | 45 | 119.99 | 27 706 | 21.49 | 82.70 | 599.95 | 63.60 | 57.20 | 55.30 
"2727 | 3.583 | 45 | 120.08 | 25 849 | 21.51 | 77.16 | 600.40 | 88.30 | 75.00 | 84.80 
2731 | 3.850 | 45 | 120.26 | 27 807 | 21.54 | 83.00 | 601.30 | 83.22 | 72.24 | 73.75 
Average] .... a5 J200089 reer le Gls Srereness WLM cone I Saco Ieee 


Fourth} 2718 | 3.100 | 45 | 180.03 | 33 458 | 32.24 | 99.87 | 900.15 | 70.10 | 58.20 | 62.80 
2721 | 3.133 | 45 | 179.88 | 33 741 | 32.22 | 100.72 | 899.40 | 64.10 | 59.20 | 53.80 
*2726 | 2.800 | 45 | 180.05 | 30 410 | 32.25 | 90.77 | 900.25 | 88.80 | 73.70 | 85,40 
2730 | 3.150 | 45 | 179.98 | 34 105 | 32.23 | 101.80 | 899.90 | 75.76 | 66.65 | 69.27 
Average! .... ete 179599 1 one oe Dotaeo|| tena S99 GSN reality cee Lirsrents 


eer ee ee ee ee ee 
*For the meaning of these asterisks see page 80. 
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TABLE 19 


TEMPERATURES, HuMIDITY, AND PRESSURES 


General Test Temperatures, Degrees Fahrenheit Pad eB 
Conditions Humid- Square Inch 
= Gases in ity, Mois- 
Steam | Steam | Gases Firebox aoe ie 
F Test | Feed in in in ound 0} 
ye pe : Number| Water | Branch | Exhaust | Smoke- |~~ Air Start | Close | Aver- 
Syphons | ration Pipe | Passage} box | Above| Below of Test| of Test} age 
Arch | Arch Ib. 

Code Item ([2=” 112 116 117 122 (123) | (128) 121 124 
Without | First 2702 69.1 | 564.5 | 244.6] 516.5 | 1545 | 1960 | 0.00986 | 174.0 | 181.0 | 180.4 
Syphons 2703 67.9 | 561.6 | 247.8 | 504.0 | 1580 | 2017 | 0.00486 | 178.0 | 182.5 | 179.8 

2706 69.9 | 548.6 | 241-3 | 494.0 | 1678 | 1892 | 0.01300 | 177.0 | 179.0 | 179.8 

Average| 69.0 | 558.2 | 244.6 | 504.8 | 1601 | 1956 | 0.00924 .... | .... | 180.0 

Second| 2701 68.0 | 583.5 | 255.4 | 542.3 | 1760 | 2140 | 0.00786 | 180.0 | 179.0 | 179.6 
2704 67.7 | 572.4 | 250.0 | 522.4 | 1757 | 2228 | 0.00500 | 179.0 | 181.0 | 180.1 

2707 67.7 571.8 253.5 516.0 | 1817 | 2074 | 0.01570 | 180.0 | 178.0 | 176.3 

Average| 67.8 | 575.9 | 253.0 | 526.9 | 1778 | 2147 | 0.00952 | .... | .... | 178.7 

Third | 2705 67.9 | 607.0] 303.0 | 555.0 | 1984 | 2167 | 0.00730 | 184.0 | 176.0 | 177.9 
2708 67.0 603 .0 301.0 564.0 | 1893 | 2182 | 0.01540 | 174.0 | 181.0 | 176.4 

2714 66.9 | 620.0 | 312.7} 562.0] .... | 2060 | 0.01800 | 176.0 | 180.0 | 176.5 

Average| 67.3 | 610.0 | 305.6 | 560.3 | 1914 | 2136 | 0.01357 | .... Sei lil7609 

*2709 67.1 | 625.0 | 333.0] 565.0 | 1920 | 2195 | 0.01000 | 181.0 | 175.0 | 177.8 

Fourth} 2710 66.7 | 637.0 | 354.0 | 584.0 | 1920 | 2226 | 0.01510 | 179.0 | 181.5 | 179.0 
*2711 67.6 632.0 350.0 584.0 | 1873 | 2204 | 0.01540 | 176.5 | 175.0 | 177.6 

2712 65.9 | 630.0] 351.0] 583.0 | 1903 | 2235 | 0.01330 | 177.5 | 179.5 | 176.4 

2713 66.0 | 629.0 | 343.0] 575.0 | 1905 | 2212 | 0.01370 | 176.0 | 180.0 ; 176.5 

Average| 66.6 | 632.0 | 349.5 | 581.5 | 1900 | 2219 | 0.01488 | .... | ....: | 177.4 

With | First 2716 71.4| 540.0 | 246.0] 487.0 | 1283 | 1795 | 0.01243 | 184.0 | 182.0 | 182.0 
Syphons 2719 70.5 | 542.0 | 239.0 | 490.0 | 1265 | 1864 | 0.01029 | 184.0 | 184.5 | 184.1 
2724 71.0 | 535.0 | 237.0 | 486.0 | 1313 | 1708 | 0.01186 | 183.5 | 184.0 | 182.8 

Average) 71.0 | 539.0 | 240.7 | 487.7 | 1287 | 1789 | 0.01158 | .... | .... | 183.0 

Second| *2715 68.3 | 574.0 | 255.0 | 519.0 | 1460 | 1879 | 0.01086 | 184.0 | 180.5 | 180.8 
*2717 68.2 | 574.5 | 252.5 | 525.0 | 1403 | 1880 | 0.01186 | 183.5 | 182.0 | 179.6 

*2720 70.0 | 575.3 | 250.1 | 519.0 | 1405 | 1980 | 0.01157 | 180.0 | 186.0 | 183.2 

2725 68.8 | 570.0 | 250.0} 515.0 | 1400 | 1865 | 0.01264 | 182.0 | 184.0 | 182.0 

2728 67.4 | 572.0 | 250.0 | 520.0 | 1338 | 1792 | 0.01143 | 179.0 | 183.0 | 181.7 

2729 67.2 | 566.0 | 249.0 | 535.0 | 1328 | 1776 | 0.00971 | 183.0 | 184.0 | 182.6 

Average| 68.3 | 572.0 | 251.1 | 522.2 | 1889 | 1862 | ‘0.01185 |.... | .... | 18lc7 

Third | 2722 66.9 | 621.0 | 311.0 | 576.0 | 1458 | 2114 | 0.00914 | 182.5 | 182.0 | 182.3 
2723 66.1 |} 615.0 | 310.0 | 575.0 | 1477 | 2071 | 0.00857 | 188.0 | 179.0 | 183.2 

2727, 68.1} 615.0 | 310.0 | 568.0 | 1390 | 2066 | 0.01550 | 183.0 | 186.0 | 181.8 

2731 66.1 | 618.0 | 308.0 | 571.0 | 1406 | 1747 | 0.01443 | 181.5 | 180.5 | 180.3 

Average} 66.8 | 617.3 | 309.8 | 572.5 | 1488 | 2000 | 0.01191 | .... | .... | 181.9 

Fourth} .2718 64.0 | 626.0 | 345.0] 580.0 | 1555 | .... | 0.00757 | 183.5 | 179.0 | 179.1 
2721 66.1] 638.0 | 349.7 | 602.0 | 1518 | 2184 | 0.00971 | 184.5 | 180.0 | 181.8 

*2726 66.6 | 624.0 | 341.0 | 575.0 | 1552 | 2114 | 0.01429 | 183.0 | 184.0 | 180.1 

2730 64.1 | 630.0 | 344.0 | 595.0 | 1473 | 1988 | 0.01193 | 184.0 | 183.0 | 180.1 

Average} 65.2 | 629.5 | 344.9 | 588.0 | 1525 | 2095 | 0.01088 | .... | .... | 180.3 


*For the meaning of these asterisks see page 80. 
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TABLE 20 
PRESSURES AND Drarts 
General Test Pressure, Draft, Inches of Water 
Conditions Pounds per Square Inch 
* Test In Smokebox In Firebox 
Number : ; In 
With or | Rate of Steam in Steam in iNet 
Without | Evapo- Branch | Exhaust | Barom- Front of | Back of Pan 
Syphons | ration Give. Eases, eter Dia- Dia- | Point | Point | Point 
aue? auge phragm | phragm} A B C 
Code Item t=" 125 127 128 129 130 (131) | (131) | (131) 132 
Without) First 2702 176.0 1,12 14.44 2.34 1.79 0.8 0.8 0.9 0.04 
Syphons 2703 176.1 1.50 14.52 2.29 1.74 0.8 0.7 0.8 0.04 
2706 178.6 1.63 14.48 2.47 1.86 0.8 0.9 0.9 0.03 
Average! 176.9 1.42 14.48 2.37 1.80 0.8 0.8 0.9 0.04 
Second 2701 170.8 4.50 14.44 4.28 3.23 1.2 1.3 1.3 0.06 
2704 171.9 4.12 14.49 4.55 3.39 1.4 1.2 1.4 0.07 
2707 171.3 3.41 14.49 4.35 3.19 13 1.3 1.4 0.06 
Average] 171.3 4,01 14.47 4.39 3.27 1.3 1.3 1.4 0.06 
2705 16629) (Seer 14.50 9.20 6.50 Qe 2.2 2.3 0.13 
Third 2708 166.6 10.19 14.46 8.88 6.25 2.3 2.2 2.3 0.14 
2714 164.9 10.21 14.48 9.15 6.57 2.2 2.5 2.5 0.15 
Average} 166.1 10.20 14,48 9.08 6.44 2.2 D3} 2.4 0.14 
*2709 164.4 13.61 14.44 11.14 Ufat ll 2.1 2.5 0.16 
2710 161.7 15.44 14.44 12.03 8.34 2.8 2.8 2.8 0.18 
Fourth | *2711 161.7 15,40 14.40 11.80 8.39 2.8 2.9 3.1 0.17 
2712 160.9 15.27 14.27 11.48 8.16 2.3 2.1 3.1 0.17 
2713 161.1 15.19 14.42 11.60 8.12 2.7 2.8 3.0 0.17 
Average} 161.4 15.33 14.38 11.78 8.25 2.7 Par 3.0 0.17 
With First 2716 176.4 2.09 14.43 2.46 1.78 0.6 0.7 0.7 0.05 
Syphons 2719 179.7 2.59 14.56 2.50 1.87 0.8 0.8 0.8 0.04 
2724 179.2 1.67 14.54 2.45 1.82 0.8 0.8 0.8 0.04 
Average} 178.4 2.12 14.51 2.47 1.82 0.7 0.8 0.8 0.04 
Second | *2715 ily 3.71 14.44 4.37 3.19 1.2 i eas | 1.2 0.08 
*2717 170.8 3.74 14.43 4.25 3.07 1,2 1,2 LA 0.10 
*2720 176.3 3.95 14.47 4.14 3.06 et 1.0 Le 0.08 
2725 175.4 3.57 14.57 4.24 3.17 1.2 1.2 1.2 0.07 
2728 174.7 3.55 14.51 4.34 3.22 1,2 1.2 1,2 0.09 
2729 173.6 3.63 14.50 4.45 3.28 1,2 1.2 1.3 0.08 
Average} 173.7 3.68 14.59 4.30 3.17 1.2 1.2 1.2 0.08 
Third 2722 168.5 9.69 14.47 8.80 6.55 2.4 2.1 2.3 0.15 
2723 168.8 9.80 14.54 8.93 6.60 2.3 2.1 2.2 0.15 
*2727 168.2 9.30 14.46 8.92 6.52 2.0 1.9 2.0 0.15 
2731 165.5 8.02 14.46 8.89 6.35 1.9 Ley, 1.9 0.15 
Average| 167.8 9.20 14.48 8.89 6.51 2.2 2.0 2.1 0.15 
Fourth 2718 160.4 14.71 14.63 11.48 8.24 2.7 2.4 2.7 0.19 
2721 162.9 14.71 14.50 11.55 8.50 2.8 2.2 2.7 0.18 
*2726 161.8 14.68 14.54 11,23 8.30 2.5 2,2 2.4 0.19 
2730 160.5 13.30 14.51 11.79 8.23 2.4 2.3 2.4 0.20 
Average} 161.4 14,35 14.55 11.50 8.32 2.6 2.3 2.6 0.19 
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TaBLeE 21 
Heating VALUES 
General Test Heating Values, B.t.u. per Pound 
Conditions 
wa. ho a Be Test 
With or Rate of Number Coal as ; * Ash in Ash on 
Without Evapo- Fired Dry Coal | Combustible | Cinders Pan Grate 
Syphons ration 
Code Item (" 133 134 135 136 137 
Without | First 2702 12 116 12 829 14 460 7434 6196 6752 
Syphons 2703 12 133 12 860 14 442 7314 6237 6431 
2706 11 930 12 716 14 528 7392 2081 4588 
Average 12 060 12 802 14 477 © 7380 4838 5924 
Second 2701 11 795 12 577 14 448 6304 3125 3260 
2704 11 991 12 716 14 482 7341 3217 6528 
2707 11 910 12 555 14 480 8604 3794 5396 
Average 11 899 12 616 14 470 7416 3379 5061 
Third 2705 11 782 12 509 14 444 8696 3090 4030 
2708 12 095 12 910 14 557 8738 3263 5867 
2714 11 783 12 395 14 096 9351 4622 4630 
Average 11 887 12 605 14 366 8928 3658 4842 
*2709 12 109 12 827 14 524 8550 3740 3501 
Fourth 2710 11 768 12 419 14 325 9225 4794 5204 
*2711 11 910 12 590 14 400 10033 4427 5407 
2712 11 754 12 354 14 268 10311 3443 5275 
2713 11 623 12 201 14 041 9751 3479 6723 
Average 11 764 12 391 14 259 9830 4036 5652 
With First 2716 11 653 12 317 14 183 6496 2694 4035 
Syphons 2719 11 785 12 393 14 351 5805 2903 3717 
2724 11 726 12 341 14 363 6513 3384 3751 
verage 11 721 12 350 14 299 6271 2994 3834 
Second *2715 11 794 12 507 14 279 6808 3200 3404 
*2717 11 817 12 485 14 331 7317 4807 4378 
*2720 12 086 12 709 14 412 8330 3761 4105 
2725 12 037 12 651 14 354 8112 4077 4038 
2728 11 961 12 700 14 411 7322 5818 3934 
2729 11 886 12 550 14 327 7769 3449 5228 
Average 11 930 12 600 14 352 7610 4185 4181 
Third 2722 11 797 12 465 14 313 9810 3859 3747 
2723 11 948 12 627 14 392 9028 4416 4645 
*2727 11 980 12 664 14 383 9577 4964 4045 
2731 11 738 12 382 14 282 9024 4393 3169 
Average 11 866 12 535 14 343 9360 4408 3902 
Fourth 2718 11 754 12 390 14 336 9287 4477 4612 
2721 11 999 12 669 14 358 9782 4054 3442 
*2726 11 851 12 434 14 403 9794 5574 4179 
2730 12 084 12 771 14 403 10330 4539 3529 
Average 11 922 12 566 14 375 9798 4661 3941 
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TABLE 22 
Coat ANALYSIS 
General Test Proximate Analysis, Coal as Fired Ultimate Analysis, Coal as Fired 
Conditions 
‘ ri ‘ é . Sulphur, 
With or | Rate of |__ Test Fixed | Volatile | Mois- Ash Sepa- | Carbon | Hydro- | Nitro- | Oxygen 
Without | Evapo- | Number | Carbon | Matter | ture rately gen gen 
Syphons | ration Deter- 
mined 
Per Cent) Per Cent)Per Cent/Per Cent/Per Cent Per Cent|Per Cent|Per Cent|Per Cent 
Code Item [==> 138 139 140 141 142 143 144 145 146 
Without | First 2702 48.45 | 35.34 | 5.56 10.65 | 3.42 67.44 | 4.41 1.16 7.36 
Syphons 2703 46.71 | 37.30 | 5.65 10.34 | 3.39 65.60 | 5.11 Wealye 8.74 
2706 47.16 34.96 6.18 11.70 3.18 64.33 4.99 1,21 8.42 
Average] 47.44 | 35.86 | 5.80 10.90 | 3.33 65.79 | 4.84 1,18 8.17 
Second | 2701 47.86 | 33.78 | 6.22 12,14 | 2.95 65.20 | 4.51 ial 7.81 
2704 46.25 | 36.55 | 5.70 11.50 | 3.26 63.96 | 5.27 1.18 9.18 
2707 46.15 | 36.10 | 5.14 12.61 | 3.28 64.10 | 5.04 1.15 8.68 
Average} 46.75 | 35.48 | 5.69 12.08 | 3.16 64.42 | 4.94 1.15 8.56 
Third 2705 47.35 | 34.22 | 5.81 12762) |" 3.23 63.55 | 4.91 1,23 8.65 
2708 48.30 | 34.79] 6.31 10.60 | 3.42 66.08 | 4.68 1,21 7.68 
2714 46.73 | 36.86 | 4.94 LEA 7 3289 62.96 | 5.22 1.08 | 10.44 
Average] 47.46 | 35.29 | 5.69 11-56 |) 3251 64.20 | 4.94 ay, 8.92 
*2709 47.17.| 36.20! 5.60 11.03 | 3.56 66.70 | 4.51 1.21 7.39 
Fourth | 2710 45.06 | 37.09 | 5.24 12.61 | 4.20 63.97 | 4.93 1.03 8.32 
*2711 44.61 38.10 5.40 11.89 3.79 63 83 5.06 1.01 9.02 
2712 47.02 35.36 4.86 12.76 3.94 64,23 4.64 0.93 8.64 
2713 46.20 | 36.58 | 4.74 12.48 | 4.24 62.56 | 4.96 1.09 9.93 
Average} 45.72 | 36.78 | 5.06 12.44 | 4.04 63.65 | 4.90 1.02 8.98 
With First 2716 47.18 | 34.98 | 5.39 12.45 | 3.69 63.03 | 4.69 1.20 9.55 
Syphons 2719 46.73 35.39 4.91 12.97 4.54 63 .66 4.72 1.06 8.14 
2724 47.25 34.39 4.98 13.38 3.48 63.18 4.93 1.00 9.05 
Average} 47.05 34.93 5.09 12.93 3.90 63.29 4.78 1.09 8.91 
Second | *2715 47.51 | 35.07 | 5.70 11.72 | 3.65 64.386 | 4.72 1.17 8.68 
*2717 47.28 | 35.18 | 5.35 12.19 | 3.59 64.40 | 4.72 1.18 8.57 
*2720 48.32 | 35.54 | 4.90 1124 | 3:38 66.49 | 4.63 1721 8.15 
2725 47.67 36.19 4.85 11.29 3.76 65.14 4.92 1.16 8.88 
2728 48.47 34.53 5.82 11.18 3.66 64.59 4.94 0.95 8.86 
2729 47.84 35.12 5.29 11.75 3.58 64.32 4.93 0.92 9.21 
Average} 47.85 | 35.27 | 5.32 11556") 3.6L 64.88 | 4.81 1.10 8.73 
Third 2722 47.58 34.84 5.36 12,22 3.58 63.79 4.89 1.16 9.00 
2723 47.07 35.95 5.38 11.60 3.32 64.46 5.01 1.18 9.05 
*2727 48.96 84.33 5.40 dst 3.15 65 32 4.86 0.92 9.04 
2731 47.50 34.69 5.20 12.61 3.34 63.16 5.04 0.95 9.70 
Average! 47.78 34.94 5.34 11.94 3.35 64.18 4.95 1.05 9.20 
Fourth | 2718 46.37 | 36.62) 5.13 12.88 | 3.97 62.82 | 5.00 1.10 9.10 
2721 48.18 | 35.39 | 5.29 11.14 | 3.46 64.80 | 4.91 1.10 9.30 
*2726 46.39 | 35.89 | 4.69 13.03 | 3.82 64.13 | 4.79 1.20 8.34 
2730 48.69 | 35.21 | 5.38 10°72) 3.16 66.02 | 4.85 0.94 8.93 
Average} 47.41 | 35.53 | 5.12 11.94 | 3.60 64.44 | 4.89 1.09 8.92 
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TABLE 23 
Coat AnD Arr SUPPLY 
General Test Approximate Air Used 
Conditions Thickness, of Carbon 
fe Firebed, Inches Coal Dry Coal | Combus- | Burned 
Test Fired, Fired, tible by per Per Per 
Number Total Total Analysis, | Pound Pound Pound 
With or | Rate of Start of | End of Total Coal Carbon Coal 
Without | Evapo- Test Test as Fired | Burned | as Fired 
Syphons tio 
ee sa Pounds | Pounds Pounds Pounds | Pounds | Pounds | Pounds 
\ i 
Code Item (2 (149) (149) 150 151 152 153 154 
— 
Without | First 2702 5 19 20 000 18 888 16 758 0.598 22.07 13.20 
Syphons 2703 5 18 20 000 18 870 16 802 0.583 22.89 13.34 
2706 6.5 18 20 000 18 764 16 424 0.619 28.66 17.74 
Average} ... eo | SERS Olean ates = 0.600 24.54 14.76 
Second | 2701 4 19 20 000 18 756 16 328 0.616 20.92 12.89 
2704 6 16 20 000 18 860 16 560 0.603 26,21 15.80 
2707 7 17.5 20 000 18 972 16 450 0.605 21.24 12.85 
Average] ... Seid leterael. || toionvemn IUMeete Nets 0.608 22.79 13.85 
Third 2705 13 19 20 000 18 838 16 314 0.602 32.09 19.32 
2708 7.5 17 20 000 18 738 16 618 0.618 22.90 14,15 
| 2714 9 18.5 20 000 19 012 16 718 0.564 21.51 12.13 
| Average} ... A ee SG he crit. i monech ao 0.595 28.83 15.20 
*2709 10 18 20 000 18 880 16 674 0.635 20.61 13.09 
Fourth | 2710 9 18.5 20 000 18 952 16 430 0.566 19.21 10.87 
*2711 9 19 15 160 14 341 12 539 0.572 20.19 11.55 
2712 8 17.5 20 000 19 028 16 476 0.568 20.34 11.55 
2713 10.5 17 20 000 19 052 16 556 0.558 19.08 10.65 
Average} ... wits icrae' staat Il exexe: ace aan cer aca 0.566 19.71 11.16 
With First 2716 5 19 20 000 18 922 16 432 0.596 ante Aloe 
Syphons 2719 5 19.5 20 000 19 018 16 424 0.604 21.60 13.05 
2724 4.5 19.5 20 000 19 004 16 328 0.590 22.16 13.07 
Average . Eh rear a nll) atborato ) gli) Samal 0.597 21.88 13.06 
Second | *2715 5 18 10 082 9 507 8 328 0.593 24.50 14.53 
, *2717 4 18 20 000 18 930 16 492 0.578 sete howe 
*2720 5 19 18 635 17 722 15 627 0.620 20.78 12.88 
2725 5 18.5 20 000 19 030 16 772 0.610 20.04 12.22 
2728 5.5 18 20 000 18 836 16 600 0.583 22.13 12.90 
2729 5 18 20 000 18 942 16 592 0.597 23 .06 13.77 
Average ACM Ie GC ORON | vabors lb) rod cin 0.597 22.10 13.26 
' 2722 5 18.5 20 000 18 928 16 484 0.574 21.54 12.36 
Third 2723 6 19 20 000 18 924 16 604 0.573 20.83 11.94 
*2727 u 18 17 825 16 862 14 846 0.585 19,21 11,24 
2731 6 19 20 000 18 960 16 488 0.578 21.06 12.17 
Average}| ... avark © |" besteletere® || uishepetevenmen| mabe: ste 0.578 20.66 11.93 
Fourth | 2718 7 20 20 000 18 974 16 398 0.541 21.00 11,36 
2721 6 19 20 000 18 942 16 714 0.566 20.13 11.39 
*2726 7 18.5 17 700 16 870 14 564 0.544 18.85 10.25 
2730 7 18 20 000 18 924 16 780 0.575 19.94 11.47 
Average| ... kei Stipe thse Wess 0.557 19.98 11.12 
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TABLE 24 
Firing Rare, Smoxn, anp Gas ANALYSIS 


General Test Coal as Fired Dry Coal Fired Analysis of Dry Smokebox 
Conditions Gases by Volume 
a Per Per Per | Per- 
apa ese Each an? “ Car- 
; t t 
Bere | Tet | Per} Grate-tiircbor! Ber | eect gee! CBM Oey. | POR aie 


Grate | Firebox 
eet CE Mae Number) Hour | gurface | Volume) Hour Surface} Ob- | oxide | 8&2 | oxide | gen 
per per per |served) CO2 Oz co Ne 
Hour | Hour Hour 
Per Per Per | Per Per 
Pounds | Pounds | Pounds} Pounds | Pounds] Cent | Cent | Cent | Cent | Cent 


Code Item t2> 155 156 157 158 159 160 161 162 | 163 164 


Without First 2702 | 2489.7 | 35.379 | 7.20 | 2351.4 | 33.41 | 29 | 10.74 | 6.99 | 0.37 | 81.90 
Syphons 2703 | 2474.3 | 35.159 | 7.15 | 2334.5 | 33.17 | 26 | 10.63 | 7.34 | 0.21 | 81.82 

2706 | 2575.0 | 36.591 | 7.44 | 2415.9 | 34.33 | 49 8.51 | 9.59 | 0.14 | 81.76 
Average | 2513.0 | 35.710 | 7.26 | 2367.3 | 33.64 | 35 9.96 | 7.97 | 0.24 | 81.83 


Second 2701 | 3592.6 | 51.050 | 10.38 | 3369.1 | 47.88 | 41 | 11.45 | 6.44 | 0.40 | 81.71 
2704 | 3669.7 | 52.146 | 10.61 | 3460.5 | 49.17 | 34 9.26 | 9.05 | 0.17 | 81.52 

2707 | 3703.7 | 52.639 | 10.71 | 3513.3 | 49.93 | 36 | 11.48 | 6.43 | 0.21 | 81.88 

Average | 3655.3 | 51.945 | 10.57 | 3447.6 | 48.99 | 37 | 10.73 | 7.31 | 0.26 | 81.70 

Third 2705 | 5714.3 | 81.215 | 16.51 | 5382.3 | 76.50 | 54 7.50 |10.99 | 0.22 | 81.29 
2708 | 5853.1 | 83.188 | 16.92 | 5483.7 | 77.94 | 41 | 10.74 | 6.59 | 0.18 | 82.49 

2714 | 5660.9 | 80.456 | 16.36 | 5381.3 | 76.48 | 36 | 11.38) 6.66 | 0.15 | 81.81 

Average | 5742.8 | 81.620 | 16.60 | 5415.8 | 76.97 | 44 9.87 | 8.08 | 0.18 | 81.87 


*2709 | 6666.7 | 94.751 | 19.26 | 6293.3 | 89.44 | 32 | 11.80 | 6.03 | 0.25 | 81.92 


Fourth 2710 | 7017.6 | 99.737 | 20.28 | 6649.8 | 94.51 | 38 | 12.46 | 4.87 | 0.51 | 82.16 
*2711 | 6890.9 | 97.938 | 19 92 | 6518.6 | 92.65 | 31 | 12.28 | 5.54 | 0.05 | 83.13 
2712 | 7017.5 | 99.737 | 20.28 | 6676.5 | 94.89 | 31 | 12.01 | 5.73 | 0.22 | 82.04 
2713 | 7017.5 | 99.737 | 20.28 | 6684.9 | 95.01 | 38 | 13.01 | 4.22 | 0.12 | 82.65 
Average | 6985.9 | 99.287 | 20.19 | 6632.5 | 94.27 | 35 | 12.44 | 5.09 | 0.23 | 82.25 


With First 2716 | 2334.8 | 33.180 | 6.95 | 2209.0 | 31.40] 24 | ..... Bee RCRA Ase 
Syphons 2719 | 2272.7 | 32.300 | 6.76 | 2161.0 | 30.70 | 31 | 11.36 | 7.05 | 0.08 | 81.51 
2724 | 2290.1 | 32.550 | 6.82 | 2176.0 | 30.92 | 26 | 11.09 | 7.63 | 0.03 | 81.25 
Average | 2299.2 | 32.677 | 6.84 | 2182.0 | 31.01 | 27 | 11.23 | 7.384 | 0.06 | 81.38 


*2715 | 3360.6 | 47.750 | 10.00 | 3169.0 | 45.03 | 26 | 10.10 | 7.48 | 0.09 | 82.33 
Second | *2717 | 3438.8 | 48.870 | 10.24 | 3255.0 | 46.27 | 32 | ..... aos | ape oellussade 
*2720 | 3269.3 | 46.470 | 9.73 | 3109.0 | 44.18 | 23 | 11.84 | 6.46 | 0.07 | 81.63 
2725 | 3278.7 | 46.600 | 9.76 | 3120.0 | 44.35 | 24 | 12.23 | 6.16 | 0.11 | 81.50 
2728 | 3269.6 | 46.470 | 9.73 | 3279.0 | 43.76 | 43 | 11.08 | 7.31 | 0.09 | 81.52 
2729 | 3351.8 | 47.640 | 9.98 | 3174.0 | 45.11 | 34 | 10.64 | 7.83 | 0.07 | 81.46 
Average | 3328.1 | 47.300 | 9.91 | 3151.0 | 44.78 | 30 


Third 2722 =| 5105.9 | 72.570 | 15.20 | 4832.0 | 68.66 | 29 | 11.45 | 6.95 | 0.03 | 81.57 
2723 | 5194.8 | 73.830 | 15.46 | 4915.0 | 69.84 | 24 | 11.67 | 6.43 | 0.22 | 81.68 
*2727 | 4974.8 | 70.690 | 14.81 | 4706.0 | 66.88 | 25 | 12.87 | 5.37 | 0.03 | 81.73 
2731 | 5194.8 | 73.830 | 15.46 | 4925.0 | 69.99 | 38 | 11.67 | 6.79 | 0.06 | 81.48 
Average | 5117.6 | 72.730 | 15.23 | 4844.5 | 68.84 | 29 | 11.92 | 6.39 | 0.09 | 81.62 


Fourth 2718 | 6451.6 | 91.690 | 19.20 | 6121.0 | 86.97 | 24 | 11.79 | 5.72 | 0.11 | 82.38 

2721 | 6383.7 | 90.780 | 19.00 | 6046.0 | 85.93 | 39 | 12.14 | 5.73 | 0.20 | 81.93 

*2726 | 6321.4 | 89.840 | 18.81 | 6025.0 | 85.62 | 27 | 12.97 | 4.53 | 0.26 | 82.24 

2730 | 6349.2 | 90.240 | 18.90 | 6007.0 | 85.38 | 58 | 12.35 | 5.93 | 0.07 | 81.65 

Average | 6376.5 | 90.630 | 18.98 | 6049.8 | 85.98 | 37 | 12.31 | 5.48 | 0.16 | 82.05 
| | 


a 
= 
a 
i=) 
_ 
> 
n 
i) 
S 
o 
fee) 
= 
Cs 
© 
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TABLE 25 
AsH AND CINDERS 
| Net | ae 
Equiv- quiv- 
oe Esti- alent alent 4 
Ondivions Ash mated |_Net | Ash in Ash for Cinders 
Col- | Ashon | Tota | Weight Equiv-| per- | Ash by| Test, in Per 
Test | lected | Grate Ash | of Fire | lent | centage Anal- | Per- | Tota Cent 
Number| From | at Close| (Dry) on |Ashpan|of Total] ysis | centage] Cinders |of Tota 
Ashpan| of Test Grate ae for) Dry of Ash Dry 
; (Dry) | (Dry) at Start] Test | Coal by An- Coal 
With or | Rate of of Test Fired alysis Fired 
Without | Evapo- 
Syphons | ration | Per Per Per 
Pounds| Pounds | Pounds | Pounds) Pounds} Cent | Pounds) Cent | Pounds | Cent 
Code Item [2” 165 166 167 168 171 172 
Without | First 2702 1638 2098 3736 545 3191 16.9 2130 | 149.8 208.5 1.49 
Syphons 2703 1462 2174 3636 609 3027 16.0 2068 | 146.4 296.0 1.57 
2706 422 3955 4377 1424 2951 15.7 2340 | 126.1 120.0 0.64 
Average | 1174 2742 3916 859 3056 16.2 2179 | 140.8 232.2 1.23 
Second} 2701 589 2720 3309 571 2738 14.6 2428 | 112.8 289.0 1.54 
2704 1158 2124 3282 786 2496 13.2 2300 | 108.6 348.0 1.85 
2707 796 2530 3326 1013 2313 12.2 2522 91.7 203 .0 1.07 
Average | 848 2458 3306 790 2516 13.3 2417 | 104.4 280.0 1.48 
Third 2705 770 2552 3322 1735 1587 8.4 2524 62.9 643.0 3.41 
2708 801 2017 2818 887 1931 10.3 2120 91.1 690.0 3.68 
2714 1315 2458 3773 1204 2569 13.5 2294 | 112.0 746.0 3.92 
Average | 962 2342 3304 1275 2029 10.7 2313 88.7 693.0 3.67 
¥*2709 849 2247 3096 1258 1838 9.7 2206 83.3 293 .0 1.55 
Fourth} 2710 1003 2196 3199 1076 2123 11.2 2522 84.2 | 1335.0 7.04 
*2711 26 2678 2704 1259 1445 10.1 1803 80.1 826.0 5.76 
2712 1031 2853 3884 1312 2572 13.5 2552 | 100.8 | 1286.0 6.50 
2713 1134 2696 3830 1671 2159 11.3 2496 86.5 | 1201.0 6.30 
Average | 799 2606 3404 1330 2075 11.5 2343 87.9 | 1150.0 6.40 
With First 2716 1585 1849 3434 481 2953 15.6 2490 | 118.6 374.0 1.98 
Syphons 2719 912 2265 3177 589 2588 13.6 2594 99.8 283.0 1.49 
2724 1250 2258 3508 519 2989 15.7 2676 | 111.7 299.0 1.57 
Average | 1249 2124 3373 530 2843 15.0 2587 | 110.0 318.7 1.68 
Second} *2715 723 1566 2289 438 1851 19.5 1182 | 156.6 222.0 2.34 
*2717 1595 2065 3660 454 3206 16.9 2438 | 131.5 548.5 2.90 
' *2720 762 1860 2622 484 2138 12.1 2095 | 102.1 483.0 2.73 
2725 885 2735 3620 738 2882 151 2258 | 127.6 480.0 2.52 
2728 1021 2040 3061 632 2429 12.9 2236 | 108.6 592.0 3.14 
2729 882 2257 3139 632 2507 13.2 2350 | 106.7 555.0 2.93 
Average 978 2087 3065 563 2502 15.0 2093 | 122.2 480.1 2.76 
Third 2722 646 2610 3256 705 2551 13.5 2444 | 104.4 897.0 4.74 
2723 714 2840 3554 909 2645 14.0 2320 | 114.0 907.0 4.79 
*2727 578 1975 2553 770 1783 10.6 2016 88.4 935.0 5.55 
2731 908 2246 3154 719 2435 12.8 2522 96.6 | 1010.0 5.33 
Average | 712 2418 3129 776 2354 12.7 2326 | 100.9 937.3 5.10 
Fourth | 2718 730 2789 3719 976 2743 14.6 2576 | 106.5 | 1320.5 6.96 
2721 443 2742 3185 850 2335 12.3 2228 | 104.8 | 1417.0 7.48 
*2726 694 2240 2934 851 2083 12.3 2306 90.3 | 1260.0 7.47 
2730 462 2307 2769 900 1869 9.9 2144 87.2 | 1546.0 8.17 
Average | 582 2520 3152 894 2260 12.3 2314 97.2 | 1885.9 7.52 
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TABLE 26 
ANALYSIS oF ASH AND CrnpERS 
General Test Analysis of Ash Col-! Analysis of Ash on : : 
Conditions lected from Ashpan |Grateat Close of Test Analysis of Cinders 
stay 

z umber Volatile Mois- 

Seated ee Carbon Ash Carbon Ash Matter | Carbon Ash ture 
Syphons | ration Per Cent | Per Cent | Per Cent | Per Cent |Per Cent) Per Cent | Per Cent |Per Cent 

Code Item t2> 173 174 176 177 178 

| 

Without First 2702 43 .03 56.97 46.89 53.11 5.89 52.75 40.56 0.80 

Syphons 2703 43.31 56.69 44.66 55.34 5.85 48.75 44.48 0.92 

2706 14.45 85.55 31.86 68.14 5.85 52.05 41.64 0.46 

Average 33.60 66.40 41.14 58.86 5.86 51.18 42.23 0.73 

Second 2701 21.72 78.28 22.64 77.36 8.22 | 42.73 48.55 0.50 

2704 22.34 77.66 45.33 54.67 6.11 49 63 43.94 0.32 

2707 26.35 73.65 37.47 62.53 5.10 55.64 38.91 0.35 

Average 23.47 76.53 35.15 64.85 6.48 49 33 43 .80 0.39 

Third 2705 21.46 78.54 27.99 72.01 5.73 51.98 42.23 0.06 

2708 22.66 77.84 40.74 59.26 5.28 61.98 31.94 0.80 

2714 32.10 67.90 32.15 67.85 2.33 65.77 31.83 0.07 

Average | . 25.41 74.59 33.63 66.37 4.45 59.91 35.33 0.31 

*2709 25.97 74.03 24.31 75.69 5.99 57.18 36.82 0.01 

Fourth 2710 33.29 66.71 36.14 63.86 4.43 57.57 37.95 0.05 

*2711 30.74 69.26 37.55 62.45 4.02 67.89 27.90 0.19 

2712 23.91 76.09 36.63 63.37 4.02 | 70.62 25.35 0.01 

2713 24.16 75.84 46.69 53.31 3.32 68.18 28.43 0.07 

Average 28.03 71.97 39.25 60.75 3.95 66.07 29.91 0.08 

With First 2716 18.71 81.29 28.02 71.98 6.58 36.88 56.12 0.42 

Syphons 2719 20.16 79.84 25.81 74.19 6.20 44.15 49.16 0.49 

2724 23.50 76.50 26.05 73.95 5.78 43.68 50.12 0.42 

Average 20.79 79.21 26.63 73.37 6.19 41.57 51.80 0.44 

Second *2715 22.22 77.78 23.64 76.36 7.92 | 45.49 46.22 0.37 

*2717 33.38 66.62 30.40 69.60 5.80 44.43 49.37 0.40 

*2720 26.12 73 .88 28.51 71.49 3.49 57.18 39.22 0.11 

2725 28.31 71.69 28 .04 71.96 4.18 56.63 39.13 0.06 

2728 40.40 59.60 27.32 72.68 4.82 47.73 47.19 0.26 

2729 23.95 ‘76.05 36.31 63.69 3.93 58.49 37.44 0.14 

Average 29.06 70.94 29.04 70.96 5.02 51.66 43.10 0.22 

Third 2722 26.80 73.20 26.02 73.98 3.36 67.04 29.45 0.15 

2723 30.67 69.33 32.26 67.74 3.33 68.37 28.30 0.00 

*2727 34.47 65.53 28.09 71.91 4.32 64.03 31.62 0.03 

2731 30.51 69.49 22.01 77.99 3.26 71.55 25.17 0.02 

Average 30.61 69.39 27.10 72.90 3.57 67.75 28.64 0.05 

Fourth 2718 31.09 68.91 32.03 67.97 3.96 67.34 28.69 0.01 

2721 28.15 71.85 23.90 76.10 3.98 68.59 27.38 0.05 

*2726 38.71 61.29 29.02 70.98 3.07 72.05 24.87 0.01 

2730 31.52 68.48 24.51 75.49 3.10 71.95 24.94 0.01 

Average 32.37 67.63 27.37 72.63 3.53 69.98 26.47 0.02 
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TABLE 27 
QuaLitTy or STEAM, SUPERHEAT, AND EvAPORATION 
neral Test Degrees of Super- ‘ Correc- Moist Steam 
ypeaies heat, Fahrenheit Weight | tion for Evaporated 
of Water| Differ- 
in Boiler} ence in * ; 
: Water | at Start | Boiler . 
Test Quality Delivered} of Test, | Pres- | Boiler 
With or | Rate of | Number | Steam} — Jp In to Boiler,| Less | sure at | Correc- 
Without | Evapo- in Dome] Branch | Exhaust| Total | Weight | Start | tion Total Per 
Syphons| ration Pipe | Passage at Close| and Hour 
of Test | Close 
of Test 
Pounds | Pounds | Pounds} Pounds | Pounds | Pounds 
Code Item [> 179 180 181 182 188 (188a) 189 201 
Without! First | 2702 | 0.9748 | 187.2 | 30.1 | 135 029 | —1131 | +307 | — 734 | 134 295 | 16 718 
Syphons 2703 0.9744 184.2 31.5 132 262 | — 668 | +241 | — 427 | 131 835 | 16 310 
2706 | 0.9793 170.0 | 24.7 130 983 | — 843 | +255 | — 588 | 130 395 | 16 788 
Average | 0.9762 180.5 2B ER: A cette Wath li eanet catch ih sete ars ae 132 176 | 16 605 
Second | 2701 0.9769 208.5 30.4 132 467 | — 9] —10] — 19 | 182 448 | 23 792 
2704 | 0.9786 196.0 | 25.8 133 975 | + 18| + 18 | + 36 | 134 O11 | 24 589 
2707 | 0.9812 196.3 31.5 130 932 | — 944 | +239 | — 705 | 180 227 | 24 116 
Average | 0.9789 200.3 1! iy el ees ARO Rese! Peseitic Sie 132 229 | 24 166 
Third 2705 | 0.9784 233.3 Sites 123 829 | — 258 | — 23 | — 281 | 123 548 | 35 299 
2708 0.9790 | 229.9 61.7 123 990 | —1306 | +440 | — 866 | 123 124 | 36 033 
2714 | 0.9768 247.2 | 73.4 128 351 | —2316 | +688 | —1642 | 126 709 | 35 864 
Average | 0.9781 236.8 Yel | eres tll weer Mattock Ima ac.ae 124 467 | 35 732 
*2709 0.9799 252.4 | 87.8 120 546 | + 111 | —104 | + 7 | 120 553 | 40 184 
Fourth 2710 | 0.9774 265.7 | 104.2 120 920 | + 203 | — 26 | + 177 | 121 097 | 42 490 
*2711 0.9779 260.7 | 100.2 92 952 | — 380 | + 87 | — 293 92 659 | 42 118 
2712 0.9766 | 259.2 | 101.6 119 704 | —1541 | +442 | —1099 | 118 605 | 41 616 
2713 0.9739 258.0 | 93.6 118 948 | + 41] + 35] + 76 | 119 024 | 41 763 
Average | 0.9765 260159) i) 99D eo a.5.878 | ac eel aevesll ceromeets 112 846 | 41 997 
With First 2716 0.9765 162.1 28.2 143 378 | — 29 | — 16) — 45 | 143 333 | 16 731 
Syphons 2719 0.9734 162.6 19.0 146978} + 5/4 4/|]-+ 9 | 146 987 | 16 703 
2724 0.9845 155.8 | 20.2 140 060| + 4/)+ 4/+ 8 | 146 068 | 16 726 
Average | 0.9781 160 <2" if 22-5) 9 Nie sceneterayeelll) svaistevem|lvcalete racer tetcerere 145 463 | 16 720 
Second | *2715 0.9779 198.3 32.2 68 566 | +1147 | —362 | + 785 67 781 | 22 594 
*2717 | 0.9748 199.5 29.7 136 732 | + 328 | —110 | + 218 | 136 950 | 23 543 
#2720 | 0.9734 197.1 26.2 135 815 | +1156 | —250 | + 906 | 136 721 | 23 986 
2725 0.9850 192.4 27.0 144 116 | + 660 | —160 | + 500 | 144 666 | 23 716 
2728 0.9763 194.8 27.2 143 055 | +1247 | —300 | + 947 | 144 002 | 23 541 
2729 0.9762 189.3 26.2 141 144 | + 399 | —101 | + 298 | 141 442 | 23 704 
Average | 0.9773 1952 5|- 28): Aly pleterak ae LAA, csc hare eee 128 594 | 23 514 
Third 2722 + | 0.9761 246.5 | 72.7 1387 600 | — 215 | + 55 | — 160 | 137 440 | 35 088 
2723 0.9694 240.4 71.5 135 1389 | + 95 | —141 | — 46 | 135 093 | 35 089 
*2727 =| 0.9790 240.7 72.7 124 220 | + 609 | —133 | + 476 | 124 696 | 34 802 
2731 0.9763 244.9 73.7 132 654 | + 381 | —117 | + 264 | 132 918 | 34 524 
Average | 0.9752 243.1 CP Tay oe eae een ts Eee nef beer rel Pee ctr 132 537 | 34 876 
Fourth 2718 | 0.9756 | 255.2 | 96.2 126 197 | — 44 | — 43 | — 87 | 126 110 | 40 681 
2721 0.9767 266.1 | 101.1 129 471 | + 187 | —386 | — 199 | 129 272 | 41 262 
*2726 | 0.9780 252.6 | 92.4 114 438 | — 210 | + 69 | — 141 | 114 297 | 40 820 
2730 | 0.9725 259.2 | 98.1 127 980 | + 201 | — + 137 | 128 117 | 40 672 
Average W0°975 4, |e 2oS sole O 1 Onn |e reser te | een 124 449 | 40 859 
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TABLE 28 
Heat TRANSFER 
General Test Steam to Heat Transfer in Units of Evapo- Ent eo Trane, 
Conditions Superheater ration (1000 B.t.u.) per Hour 1 Sak Cokie 
Moist P 
Test Steam Saiace 
Number Vee Pe Foot of 
uxili- Across | Across | Across Com- 
lad oe ane Total ae Ailes seer oe bined As Dry 
: etc. our eating | heating | Heating | Heatin Fired Coal 
Syphons | ration Surface | Surface | Surface Surface 
(Aver- 
Pounds | Pounds | Pounds age) 

Code Item (=> 190 192 194 195 196 197 198 199 
Without | First 2702 401 133 497 | 16 619 | 19 042 2117 21 159 4.46 8.50 9.00 
Syphons 2703 226 131 368 | 16 252 | 18 592 2051 20 643 4.36 8.34 8.84 

2706 726 129 414 | 16 662 | 19 172 1918 21 090 4.44 8.18 8.73 

Average see au kprte es 16 511 | 18 935 2029 20 964 4.42 8.34 8.86 

Second 2701 Bi 132 427 | 23 788 | 27 168 3233 30 401 6.41 8.46 9.02 
2704 13 133 980 | 24 584 | 28 120 3152 31 272 6.60 8.52 9.03 

2707 ants 129 988 | 24 072 | 27 625 3038 | 30 663 6.46 8.28 8.73 

Averagenlian cies \lgne ae 24 148 | 27 638 3141 30 779 6.49 8.42 8.93 

Third 2705 168 123 404 | 35 258 | 40 347 5179 45 526 9.60 7.96 8.46 
2708 ets 122 684 | 35 904 | 41 236 5195 46 431 9.79 7.94 8.47 

2714 126 035 | 35 674 | 40 978 5529 46 508 9.81 8.22 8.64 

IAVOLAZ On tae leer te 35 612 | 40 854 5301 46 155 9.73 8.04 8.52 

*2709 78 120 579 | 40 193 | 46 015 6322 52 337 | 11.04 7.85 8.31 

Fourth 2710 90 121 033 | 42 468 | 48 587 6961 55 548 | 11.71 7.92 8.35 
*2711 Ad 92 572 | 42 078 | 48 137 6749 54 886 | 11.57 7.96 8.42 

2712 118 163 | 41 461 | 47 584 6663 54 247 | 11.44 7.73 8.13 

2713 118 989 | 41 751 | 47 656 6780 54 436 | 11.48 7.75 8.15 

IAVEragey|en samen ||Naee eee 41 940 | 47 991 6788 | 54 779 | 11.55 7.84 8.26 

With First 2716 143 349 | 16 733 | 19 045 1889 20 934 4.37 8.96 9.48 
Syphons 2719 146 983 | 16 703 | 18 986 1944 20 931 4.37 9.21 9.68 
2724 146 064 | 16 726 | 19 160 1731 20 891 4.36 9.12 9.60 

Average fe tose ce 16 721 | 19 064 1855 20 919 4.37 9.10 9.59 

Second | *2715 69 713 | 23 238 | 25 814 3014 28 828 6.01 8.58 9.10 
*2717 137 060 | 23 562 | 26 834 3138 29 973 6.25 8.71 9.21 

*2720 136 971 | 24 030 | 27 277 3206 30 482 6.35 9.32 9.81 

2725 144 776 | 23 734 | 27 226 2877 30 103 6.28 9.18 9.64 

2728 144 302 | 23 590 | 26 886 3055 29 941 6.24 9.16 9.72 

2729 141 543 | 23 721 | 27 075 3008 30 083 6.27 8.97 9.48 

IAverages|| sn iIetelee = eye 23 646 | 26 852 3050 29 902 6.23 8.99 9.49 

Third 2722 16 137 369 | 35 070 | 40 088 5460 45 548 9.50 8.92 9.43 
2723 101 135 133 | 35 100 | 39 921 5553 45 474 9.48 8.75 9.26 

*2727 san 124 829 | 34 839 | 39 803 5233 45 036 | 9.39 9.05 9.57 

2731 133 035 | 34 555 | 39 475 5325 44 800 9.34 8.63 9.10 

(AV ELALO: Mies lite aiatere ct. 34 891 | 39 822 5393 45 215 9.43 8.84 9.34 

Fourth 2718 ae 126 153 | 40 695 | 46 568 6597 | 53 164 | 11.08 8.24 8.68 
2721 20 129 638 | 41 378 | 47 195 6782 53 977 | 11.25 8.45 8.93 

*2726 ere 114 228 | 40 796 | 46 706 6364 | 53 070 | 11.06 8.39 8.81 

2730 128 181 | 40 692 | 46 451 6661 53 113 | 11.07 8.36 8.84 

IAVETAQE ||) csleve.all) canteens 40 890 | 46 730 6601 53 331 | 11.12 8.36 8.82 
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TABLE 29 


EQvuIVALENT EVAPORATION 


General Test 


Equivalent Evaporation, Pounds 


Conditions 
Test Per 
Number ae eqare om 
With Rate of Per Pound of | Per Pound o' of Combine’ 
Without Evyapo- oe Coal as Fired Dry Coal Heating 
Syphons ration Surface 
Code Item [2* 
Without First 2702 21 809 8.76 9.28 4.60 
Syphons 2703 21 277 8.60 9.11 4.49 
2706 21 737 8.44 9.00 4.58 
Average 21 608 8.60 9.13 4.56 
| Second 2701 31 334 8.72 9.30 6.61 
2704 32 232 8.78 9.31 6.80 
: 2707 31 604 8.53 9.00 6.66 
Average 31 723 8.68 9.20 6.69 
Third 2705 46 924 8.21 8.72 9.89 
2708 47 857 8.18 8.73 10.09 
2714 47 935 8.47 8.91 10.11 
| Average 47 572 8.29 8.79 10.03 
*2709 53 944 8.09 8.57 11.38 
Fourth 2710 57 253 8.16 8.61 12.07 
*2711 56 571 8.21 8.68 11.93 
2712 55 912 7.97 8.38 11.79 
2713 56 107 7.99 8.39 11.83 
Average 56 461 8.08 8.52 11.91 
With First 2716 21 577 9.24 9.77 4.50 
Syphons 2719 21 573 9.49 9.98 4.50 
2724 21 532 9.40 9.90 4.49 
Average 21 561 9.38 9.88 4,50 
Second *2715 29 713 8.84 9.38 6.19 
*2717 30 893 8.98 9.49 6.44 
#2720 31 418 9.61 10.11 6.55 
2725 31 027 9.46 9.94 6.47 
2728 30 860 9.44 10.02 6.43 
2729 31 006 9.25 9.77 6.46 
Average 30 819 9.26 9.79 6.42 
Third 2722 46 947 9.19 9.72 9.79 
2723 46 870 9.02 9.54 9.77 
*2727 46 418 9.33 9.86 9.68 
2731 46 175 8.89 9.38 9.63 
Average 46 603 9.11 9.63 9.72 
| Fourth 2718 54 796 8.49 8.95 11.42 
2721 55 634 8.71 9.20 11.60 
*2726 54 700 8.65 9.08 11.40 
2730 54 743 8.62 9.141 11.41 
Average 54 968 8.62 9.09 11.46 
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TABLE 30 
ActuaL EVAPORATION AND HEAT TRANSFER 
| Coal Fired Equiy- 
General Test Superheated Steam Sank ce Beenie 
Conditions (Steam to Engine) Used by 
B.t.u. 
Trans- B.t.u. 
Per ferred to | _Trans- 
Per Per Square Boiler per} ferred to 
Test Pound | Pound | Foot of | .,, | Pound of | Boiler per 
With or | Rate of |Number| Per Hour | Qoalas | of Dry | Heating | Engine | Auxili- | Coalas | Pound of 
Without | Evapo- Fired Coal Surface aries Fired | Dry Coal 
Syphons | ration per Hour 
Pounds | Pounds | Pounds | Pounds | Pounds | Pounds 
| 
Code Item (> 200 = 215 202 203 204 216 217 
Without First 2702 16 619 6.67 7.07 3.50 2483 7 8498 9000 
Syphons 2703 16 252 6.57 6.96 3.43 2470 4 8344 8841 
2706 16 662 6.47 6.90 3.51 2562 13 8190 8729 
Average 16 511 6.57 6.98 3.48 2505 8344 8857 
Second 2701 23 788 6.62 7.06 5.02 3593 0 8461 9024 
2704 24 584 6.70 7.10 5.18 3670 0 8521 9035 
2707 24 072 6.50 6.85 5.08 3704 0 8278 8728 
Average 24 148 6.61 7.00 5.09 3655 8420 8929 
Third 2705 35 258 6.17 6.55 7.43 5707 | XG 7967 8459 
2708 35 904 6.13 6.55 (hoe 5853 0 7933 8467 
2714 35 674 6.30 6.63 7.52 5661 0 8215 8643 
Average 35 612 6.20 6.58 (PRED 5740 8038 8523 
*2709 40 193 6.03 6.39 | 8.48 6663 4 7850 8317 
Fourth 2710 42 468 6.05 6.39 8.96 7018 0 7915 8353 
*2711 42 078 6.11 6.45 8.87 6891 0 7965 8419 
2712 41 461 5.91 6.21 8.74 7018 0 7730 8126 
2713 41 751 5.95 6.25 8.80 7018 0 7757 8143 
Average | 41 940 6.01 6.33 8.84 6986 7842 8260 
With First 2716 16 733 rhe We 7.57 3.49 2335 0 8965 9477 
Syphons 2719 16 703 7.35 7.73 3.48 2273 0 9208 9686 
2724 16 726 7.30 7.69 3.49 2290 0 9123 9601 
Average 16 721 7.20 7.66 3.49 2300 ies 9099 9588 
Second *2715 23 238 6.91 7.33 4.84 3361 0 8577 9097 
*2717 23 562 6.85 7.24 4.91 3439 0 8715 9208 
*2720 24 030 7.35 eae 5.01 3269 0 9325 9805 
2725 23 734 7.24 7.61 4.95 3279 0 9180 9648 
2728 23 590 7.21 7.66 4.92 3270 0 9156 9724 
2729 23 721 7.08 7.47 4.94 3352 0 8975 9478 
Average | 23 646 7.11 7.51 4.93 3328 ne 8988 9493 
| 
Third 2722 35 070 6.87 7.26 7.31 5106 0 8920 9426 
2723 35 100 6.76 7.14 7.32 5192 3 8753 9252 
*2727 34 839 7.00 7.40 7.26 4975 0 9052 9570 
2731 34 555 6.65 7.02 7.20 5195 0 8624 9096 
|Average | 34 891 6.82 | 7.21 7,27 5117 “ 8837 9336 
| Fourth 2718 40 695 6.31 6.65 8.48 6452 0 8240 8686 
2721 41 378 6.48 6.84 8 63 6384 0 8455 8928 
*2726 40 796 6.45 6.77 8.50 6321 0 8396 8808 
2730 40 692 6.41 6.77 8.48 6349 0 8366 8842 
Average | 40 890 6.41 6.76 8.52 6377 oe 8364 8816 


*For the meaning of these asterisks see page 80. 


My, 
Wal s 


96 ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 31 
Hear DistrRIBUTION 
General Test | Efi- Loss of Heat Due to 
Conditions ciency of 
oe | 
Test a0 = Hydro- | Sensible phermal : _ | Radia- 
Number | Per Cent | Mois- | Mois- gen | Heat in Cor as B.t.u. in| B.t.u. in | tion and 
With or | Rate of of Heat | turein | turein | Content |Escaping tbl uS-| Cinders | Ash Unac- 
Without | Evapo- in Coal | Coal Air | of Coal | Gases Hacaping Soe 
Syphons| ration Fired or 
a Trans- Gases 
ferred to 
Water | Per Cent| Per Cent| Per Cent} Per Cent| Per Cent] Per Cent} Per Cent| Per Cent 
Code Item [=> 206 207 208 209 210 211 212 213 214 
| 
Without} First 2702 70.14 0.58 0.23 4.12 12.03 1.68 0.86 8.16 2.20 
Syphons 2703 68.77 0.59 0.12 4.79 11.97 0.95 0.89 7.78 4.14 
2706 68.65 0.64 0.39 4.68 15.06 0.85 0.37 2.57 6.79 
Average | 69.19 0.60 0.25 4.53 13.02 1.16 0.71 6.17 4.37 
Second | 2701 71.73 0.67 0.20 4.39 12.76 Mere 0.78 3.63 4.07 
2704 71.06 0.60 0.14 5.01 14.74 0.92 1.07 3.35 3.11 
2707 69.50 0.53 0.34 4.72 11.29 0.93 0.73 3.69 8.27 
Average | 70.76 0.60 0.23 4.71 +i} 12.93 1.21 0.86 3.56 5.14 
Third 2705 67.62 0.63 0.28 4.81 19.33 1.48 2.37 2.08 1.40 
2708 65.59 0.66 0.41 4.40 13.52 0.86 2.49 2.61 9.46 
2714 69.72 0.53 0.42 5.03 11.88 0.63 2.96 5.04 3.79 
Average | 67.64 0.61 0.37 4.75 14.91 0.99 2.61 3.24 4.88 
*2709 64.83 0.59 0.25 4.26 12.83 Lut 1.04 2.84 12.25 
2710 67.26 0.57 0.33 4.82 11.32 1.92 5.24 4.33 4.21 
Fourth | *2711 66.88 0.58 0.35 4.85 11.70 0.20 4.59 3.54 731 
2712 65.76 0.53 0.31 4.54 11.96 0.88 5.42 3.77 6.83 
2713 66.74 0.52 0.28 4.86 10.80 0.44 5.04 3.20 8.09 
Average | 66.66 0.55 0.32 4.77 11.45 0.86 5.07 3.72 6.60 
With First 2716 76.93 0.57 ise BASIN mae riced 1.04 3.42 Ac 
Syphons 2719 78.13 0.51 0.22 4.44 11.05 0.36 0.70 3.19 1.40 
2724 77.80 0.52 0.25 4.63 10.85 0.14 0.83 4.32 0.66 
Average | 77.62 0.53 0.24 4.50 10.95 0.25 0.86 3.64 1.03 
Second | *2715 72.72 0.61 0.29 4.54 13.40 0.45 1.27 4.99 1.73 
*2717 73.75 0.57 scree QDS ota 1.70 6.52 Wie 
*2720 77.16 0.50 0.25 4.29 11.30 0.31 1.79 3.57 0.83 
2725 76.26 0.50 0.26 4.55 10.59 0.44 1 62 4.88 0.90 
2728 76.55 0.61 0.26 4.64 11.60 | 0.40 1.81 5.91 |—1.78 
2729 75.51 0.56 0.24 4.68 12.81 0.33 1.82 3.64 0.41 
Average | 75.33 0.56 0.26 4.54 11.94 0.39 1.67 4.92 0.42 
Third 2722 75.61 0.58 0.23 4.79 12.96 0.18 3.74 4.17 |—2.21 
2723 73.26 0.58 0.21 4.87 12.43 0.90 3.43 4.89 |—0.57 
*2727 75.56 0.57 0.33 4.61 10.99 0.11 4.20 4.15 |—0.52 
2731 73.47 0.56 0.34 4.90 12.34 0.25 3.88 4.56 |—0.30 
Average | 74.48 0.57 0.28 4.79 12.18 0.35 3.81 4.44 |—0.90 
Fourth 2718 70.10 0.56 0.18 4.92 11.88 0.43 5.21 5.22 1.50 
2721 70.46 0.57 0.23 4.79 12.42 0.78 5.78 3.94 1.03 
¥*2726 70.85 0.50 0.28 4.60 10.21 0.93 5.89 5.54 1.20 
2730 69.23 0.57 0.27 4.65 12.05 0.27 6.62 3.51 2.83 
Average | 70.16 0.55 0.24 4.74 11.64 0.60 5.88 4.55 1.64 
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TABLE 32 
Inpicator Dara 
General Test Indicated Horsepower Averages of Events and Pressures 
Conditions 
= Right Side Left Side Pressures, Pounds per Square Inch 
Test 
Number 
With or | Rate of Pres- Mean | Cut- 
Without Evapo- Steam | Initial | sure | Least | Effec-| off, 
Syphons] ration Head | Crank | Head | Crank | Total | Chest | Pres- at |Back | tive | Per 
End End End End Pres- | sure | Cut- | Pres- | Pres- | Cent 
sure off sure | sure 
Code Item t=" 225 226 227 228 224 220 221 222 223 218 219 
Without| First 2702 211.40} 224.40) 224.00] 224.90] 884.7] 184.7 | 180.0 | 131.8] 2.06] 65.79! 24.7 
Syphons 2703 210.95} 250.76] 222.72) 238.23} 922.7| 185.0 | 179.9 | 133.5] 3.56] 66.96] 24.8 
2706 222.90) 236.50] 226.56] 242.40] 928.3] 191.6 | 181.6 | 135.7] 5.44! 67.37] 24 8 
AVERAR Eells hay stella eat llc usa ania 911.9] 187.1 | 180.5 | 133.7] 3.69] 66.71] 24.8 
Second} 2701 843.68] 391.05) 340.30] 370.05] 1445.1] ..... 172.2 | 120.9] 4.48] 69.72] 32.0 
2704 344.51] 371.95) 359.80} 369.90) 1446.2] 181.3 | 177.5 | 122.4] 6.79] 70.00] 32.4 
2707 339.00} 361.20) 344.10} 361.00) 1405.3] 177.5 | 174.6 | 127.6] 8.20] 68.00] 29.5 
IAVEPAgON|lmerctas en ell eh ene eee 1432.2! 179.4 | 174.8 | 123.6} 6.49] 69.24] 31.3 
Third 2705 520.40) 462.10) 491.80} 466.00) 1940.3] 178.4 | 172.5 | 139.3] 15.10] 95.47] 45.9 
2708 479.60} 465.00) 479.70) 473.00] 1897.2] ..... 171.6 | 1383.7} 13.50] 92.07] 46.5 
2714 496.90) 493.70) 482.70] 487.40) 1960.7] 176.6 | 173.6 | 134.6] 11.84] 94.82] 47.4 
[Avera geyllattimece las cots all psore tel aera 1932.7) 177.5 | 172.6 | 135.9] 13.48] 94.12] 46.6 


*2709 | 534.30) 547.20] 544.80] 538.00] 2164.3] 174.7 | 166.0 | 120.3] 17.20] 78.40] 47.5 


Fourth} 2710 | 566.00] 559.70| 549.30] 569.80) 2244.8) 175.7 | 161.3 | 114.8] 18.40] 72.40] 47.8 
*2711 | 562.50/ 568.70) 534.00] 556.70} 2221.9] 179.3 | 162.1 | 114.1] 18.80] 71.40] 47.9 


2712 | 551.30) 553.50/ 557.50} 579.20) 2241.6) 174.3 | 161.0 | 113.6] 19.32] 72.30] 48.0 

2713 | 558.40] 565.50) 568.60} 583.40] 2276.0) 175.0 | 161.4 | 113.6] 17.31] 73.51] 48.3 

Average? ||tirccnis |ltarcgsonlatonce el otiarae 2246.1) 176.1 | 161.5 | 114.0) 18.46] 72.40) 48.0 

With | First 2716 | 206.60) 234.60) 217.80} 232.70] 891.7] 178.4 | 176.6 | 130.6] 1.18] 64.75] 24.8 
Syphons 2719 | 206.80) 239.70) 221.20} 234.50) 901.7) 182.0 | 179.6 | 134.2} 1.70] 65.45] 24.4 
2724 | 204.50} 233.50} 218.00} 227.40] 883.4] 177.1 | 179.5 | 134.2] 1.70] 64.10) 23.8 

Average” |inicrtral meacorl cette i ceeor 892.3] 179.2 | 178.6 | 133.0} 1.53] 64.77] 24.3 

Second | *2715 | 331.70] 360.30] 344.30] 356.50] 1392.8] 176.7 | 172.1 | 122.0] 3.60] 67.37] 30.8 

*2717 | | 307.40) 347.20) 342.60} 363.90) 1361.1] 175.0 | 173.0 | 122.9] 3.80] 65.85] 30.0 

*2720 | 324.90) 364.30) 348.70) 367.10] 1405.0) 174.7 | 175.1 | 127.4] 3.80] 68.00} 29.2 

2725 | 316.30} 354.30) 348.30) 359.00) 1377.9] 173.1 | 175.1 | 124.0] 4.30] 66.70) 30.0 

2728 | 324.40) 348.50} 337.80} 343.60] 1354.3] 173.8 | 172.7 | 120.3] 4.60] 65.55] 30.0 

2729 | 325.10] 353.20) 345.40} 351.00} 1374.7] 177.2 | 174.6 | 121.2) 4.70] 66.50} 30.3 

VAVELAgEer|\ stem cccrsl|iaw serene werecteec|| cee viorers 1377.6] 175.1 | 173.8 | 123.0] 4.13] 66.66] 30.1 

Third | 2722 | 481.78] 492.98] 482.16] 480.21] 1937.1] 170.8 | 173.9 | 131.9] 9.80] 93.70] 47.5 

2723 | 482.40| 493.60) 487.30) 485.10) 1948.4) 167.0 | 173.9 | 132.4] 9.40] 94.30] 46.1 

*2727 =| 481.90] 489.50) 491.40) 484.70) 1947.7} 167.5 | 173.5 | 132.6] 9.80] 94.10] 45.9 

2731 | 480.14) 484.66) 490.10] 470.64) 1925.5] 167.0 | 163.7 | 129.0] 10.40] 92.94] 47.6 

PAV ELAS Odes capella an || ceictestell| Peeves 1939.7} 168.1 | 171.3 | 131.5] 9.85} 93.76} 46.8 


Fourth} 2718 | 525.80} 549.40] 562.50) 551.70) 2189.4] 168.0 | 158.1 | 112.0] 16.90] 71.40] 46.4 
2721 | 535.30) 564.50) 563.90) 553.30] 2217.0) 161.3 | 160.9 | 112.8] 16.60] 71.55| 46.5 
*2726 | 525.70| 542.80) 554.50) 549.00} 2171.9] 162.3 | 159.5 | 112.7] 16.50! 70.10] 46.0 
2730 | 528.40) 551.10) 562.00) 539.00] 2180.5) 163.8 | 159.9 | 111.7| 16.75] 70.31] 45.7 

AV ELATO ss | Pactasciinl|\ cokrec tess | Moestereetell meres coger 2189.7) 163.9 | 159.6 | 112.3) 16.69) 70.84] 46.2 


*For the meaning of these asterisks see page 80. 
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TABL 


E 33 


ENGINE AND LocoMOTIVE PERFORMANCE 


Moist 
General Test Coal, Pounds per Indi- and 
Conditions cated Horsepower-hour | B.t.u. of Super- 
Coal | Steam | heated | Tractive 
Fired Thai Steam pat 
per ndi- 
Indi- | cated pai. én Beas Average | Draw- 
Test Coal as | cated | Horse- | cated | Effec- iar bar 
With or | Rate of | Number Fired, | Horse- | power- | Horse- | tive bar P Horse- 
Without | Evapo- Coalas | Dry | Includ- reg hour | power- | Pres- power 
Syphons | ration Fired Coal ing Aux-| 20ur hour sure 
iliaries 
Pounds | Pounds | Pounds | Pounds 
Code Item 2” 229 230 231 233 232 234 237 236 
Without | First 2702 2.81 2.65 2.81 34 046 18.78 18.84 | 28 136 | 18 578 710.5 
Beekons i 2703 2.68 2.53 2.68 32 516 17.61 17.64 | 24 142 | 17 752 678.9 
2706 2.76 2.59 Dahli 32 927 17.95 18.05 | 24 288 | 17 091 653 .2 
Average | 2.75 2.59 2.75 33 163 18.11 18.18 | 23 855 | 17 807 680.9 
Second 2701 2.49 2.33 2.49 29 370 16.46 16.46 | 25 126 | 20 638 | 1187.2 
2704 2.54 2.39 2.54 30 457 17.00 17.00 | 25 230 | 19 557 | 1120.9 
2707 2.64 2.50 2.64 31 442 17.13 17.13 | 24 518 | 19 016 | 1089.9 
Average | 2.56 2.41 2.56 30 423 16.86 16.86 | 24 958 | 19 737 | 1132.7 
Third 2705 2.94 2.77 2.94 34 639 18.17 18.19 | 33 836 | 28 438 | 1630.6 
2708 3.09 2.89 3.09 37 374 18.92 18.92 | 33 208 | 28 131 | 1607.0 
2714 2.89 2.74 2.89 34 053 18.19 18.19 | 34 213 ; 30 018 | 1720.4 
Average 2.97 2.80 2.97 35 355 18.43 18.43 | 33 752 | 28 862 | 1652.7 
*2709 3.08 2.91 3.08 37 253 18.57 18.58 | 28 245 | 22 109 | 1693.5 
Fourth 2710 3.13 2.96 3.13 36 834 18.92 18.92 | 26 131 | 21 288 | 1829.9 
*2711 3.10 2.93 3.10 36 921 18.94 18.94 | 25 754 | 20 601 | 1777.4 
2712 3.13 2.98 3.13 36 790 18.50 18.50 | 26 068 | 21 218 | 1825.0 
2713 3.08 2.94 3.08 35 799 18.34 18.34 | 26 445 | 21 842 | 1879.8 
Average | 3.11 2.95 3.11 36 586 18.68 18.68 | 26 100 | 21 237 | 1828.0 
With First 2716 2.62 2.48 2.62 30 581 18.77 18.77 | 23 346 | 17 713 677.0 
Syphons 2719 2.52 2.40 2.52 29 698 18.52 18.52 | 23 597 | 17 696 676.3 
2724 2.59 2.46 2.59 30 370 18.93 18.93 | 23 116 | 17 619 673.4 
Average 2.58 2.45 2.58 30 200 18.74 18.74 | 23 353 | 17 676 675.6 
Second *2715 2.41 2.28 2.41 28 424 16.68 16.68 | 24 309 | 19 314 | 1107.0 
*2717 2.53 2.39 2.53 29 897 17.31 17.31 | 23 744 | 19 834 | 1136.8 
*2720 2.33 2,21 2.33 28 160 17.10 17.10 | 24 497 | 19 119 | 1096.3 
2725 2.38 2.27 2.38 28 648 17.22 17.22 | 24 037 | 19 208 | 1101.4 
2728 2.41 2.27 2.41 28 826 17.42 17.42 | 23 639 | 18 229 | 1044.8 
2729 2.44 2.31 2.44 29 002 17.26 17.26 | 23 974 | 19 921 | 1141.7 
Average | 2.42 2.29 2.42 28 826 Vai 17.17 | 24 033 | 19 271 | 1104.7 
Third 2722 2.64 2.49 2.64 31 144 18.10 18.10 | 33 794 | 28 688 | 1644.2 
2723 2.67 2.52 2.67 31 901 18.01 183025), 3400335|| Fiera eee 
*2727 2.55 2.42 2.55 30 549 17.89 17.89 | 33 961 | 29 804 | 1709.8 
2731 2.70 2.56 2.70 31 693 17.95 17.95 | 33 522 | 30 273 | 1739.1 
Average | 2.64 2.50 2.64 | 31 322 | 17.99 | 17.99 | 33 820 | 29 588 | 1697.7 
Fourth 2718 2.95 2.80 2.95 34 674 18.59 18.59 | 25 461 | 20 229 | 1739.4 
2721 2.88 2.73 2.88 34 557 18.66 18.66 | 25 796 | 21 333 | 1833.2 
*2726 2.91 2.77 2.91 34 486 18.78 18.78 | 25 251 | 19 919 | 1713.2 
2730 2.91 2.75 2.91 35 164 18.66 18.66 | 25 377 | 20 172 | 1733.9 
Average | 2.91 2.76 2.91 34 720 18.67 18.67 | 25 471 | 20 418 | 1754.9 


*For the meaning of these asterisks see page 80. 
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TABLE 34 
LocomorivE PERFORMANCE AND EFFICIENCY 
General Test Coal per Drawbar Moist Locomotive 

Conditions Horsepower-hour and Friction Efi- 
Super- B.t.u. ; = 

heated | Consumed |————7 —— | Mechan-J 9) in 

Steam | by Engine ical Effi- | Goa) 

Test per per Friction | lency of | Con. 
; Number Drawbar | Drawbar Ex- Loco- | verted to 
With or | Rate of As Dry Horse- Horse- | Friction pressed | Motive | Work at 
Without | Evapo- Fired Coal power- power- Horse- | as Pull Draw- 

Syphons | ration hour hour power |at Drate bar 

ar 

Pounds | Pounds | Pounds Pounds | Per Cent | Per Cent 

Code Item t= 238 239 240 241 243 244 245 246 

Without First 2702 3.50 3.31 23.46 42 406 174.2 4557 80.71 6.00 

Syphons 2703 3.64 3.44 23.98 44 164 243.8 6378 73.58 5.76 

2706 3.94 3.70 25.65 47 004 75.1 7197 70.37 5.41 

Average 3.69 3.48 24.36 44 525 231.0 6044 74.89 5.72 

Second 2701 3.03 2.84 20.04 35 739 257.9 4483 82.15 7.12 

2704 3.27 3.09 21.93 39 211 325.3 5676 77.51 6.49 

2707 3.40 3.22 22.09 40 494 315.4 5503 77.56 6.28 

Average 3.23 3.05 21.35 38 481 299.5 5221 79.07 6.63 

Third 2705 3.50 3.30 21.65 41 237 309.7 5402 84.04 6.17 

2708 3.64 3.41 22.34 44 026 290.2 5081 84.70 5.78 

2714 3.29 3.13 20.74 38 766 240.3 4192 87.74 6.56 

Average 3.48 3.28 21.58 41 343 280.1 4892 85.49 6.17 

*2709 3.94 3.72 23.75 47 709 470.8 6146 78.25 5.33 

Fourth 2710 3.84 3.63 23.21 45 189 414.9 4828 81.52 5.63 

*2711 3.88 3.67 23.67 46 211 444.5 5152 79.99 5.50 

2712 3.85 3.66 22.72 45 253 416.6 4845 81.42 5.62 

2713 3.73 3.56 22,21 43 354 396.2 4604 82.59 5.87 

Average 3.83 3.63 22.95 45 002 418.1 4857 81.38 5.66 

With First 2716 3.45 3.26 24.72 40 283 214.7 5619 75.92 6.33 

Syphons 2719 3.36 3.20 24.70 39 598 225.4 5898 75.00 6.42 

2724 3.40 3.23 24.84 39 868 210.0 5496 76.23 6.38 

Average 3.40 3.23 24,75 39 916 216.7 5671 75.72 6.38 

Second *2715 3.04 2.86 20.99 35 854 285.8 4986 79.48 7.09 

*2717 3.03 2.86 20.73 35 806 224.3 3914 83.52 7.10 

*2720 2.98 2.84 21.92 36 016 308.7 5384 78.03 7.06 

2725 2.98 2,83 21.55 35 870 276.5 4823 79.93 7.09 

2728 3.13 2,95 22.58 37 438 309.5 5401 77.15 6.79 

2729 2.94 2.78 20.78 34 945 233 .0 4065 83.05 7.28 

Average 3.02 2.85 21.43 35 988 273.0 4762 80.19 6.97 

Third 2722 3.11 2.94 21.33 36 689 292.9 5111 84.88 6.93 

2723 aye ARN | eo aie (iy ec ea | eee Mela sb ae Nets ihe 

*2727 2.91 2.75 20.38 34 862 237.9 4148 87.79 7.29 

2731 2.99 2.83 19.87 35 097 186.4 3245 90.32 7.25 

Average 3.00 2.84 20.53 35 549 239.1 4168 87.68 7.16 

Fourth 2718 3.71 3.52 23.40 43 607 450.0 5234 79.45 5.83 

2721 3.48 3.30 22.57 41 757 383 .8 4467 82.69 6.09 

*2726 3.69 3.52 23.81 43 730 458.7 5334 78.88 5.82 

2730 3.66 3.47 23.47 44 227 446.6 5196 79.52 5.75 

Average 3.64 3.45 23.31 43 330 434.8 5058 80.14 5.87 


*For the meaning of these asterisks see page 80. 
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__ Bulletin No. 174. The Effect of Climatic Changes upon a Multiple-Span Re- 
inferced Concrete Arch Bridge, by Wilbur M. Wilson. 1928. Forty cents. 

Bulletin No. 175. An Investigation of Web Stresses in Reinforced Concrete 
Beams. Part II. Restrained Beams, by Frank E. Richart and Louis J. Larson. 1928. 
Forty-five cents. 

Bulletin No. 176. A Metallographic Study of the Path of Fatigue Failure in 
Copper, by Herbert F. Moore and Frank C. Howard. 1928. Twenty cents. 

Bulletin No. 177, Embrittlement of Boiler Plate, by Samuel W. Parr and Fred- 
~ erick G. Straub. 1928. None available. 

Bulletin No. 178, Tests on the Hydraulics and Pneumatics of House Plumbing. 
Part II, by Harold E. Babbitt. 1928. Thirty-five cents. 

Bulletin No. 179. An Investigation of Checkerbrick for Carbureters of Water-gas 
)! Machines, by C. W. Parmelee, A. E. R. Westman, and W. H. Pfeiffer. 1928. Fifty 


cents. 
_ Bulletin No. 180. The Classification of Coal, by Samuel W. Parr. 1928. Thirty- 
jwe cents. 

Bulletin No. 181. The Thermal Expansion of Fireclay Bricks, by Albert E. R. 
Westman. 1928. Twenty cents. 

Bulletin No. 182. Flow of Brine in Pipes, by Richard E. Gould and Marion I. 
Levy. 1928. Fifteen cents. 

Circular No. 17. A Laboratory Furnace for Testing Resistance of Firebrick to 
Slag Erosion, by Ralph K. Hursh and Chester E. Grigsby. 1928. Fifteen cents. 

Bulletin No. 183. Tests of the Fatigue Strength of Steam Turbine Blade Shapes, 
by Herbert F. Moore, Stuart W. Lyon, and Norville J. Alleman. 1928. Twenty-five 
cents. 

Bulletin No. 184. The M:asurement of Air Quantities and Energy Losses in 
| Mine Entries. Part III, by Alfred C. Callen and Cloyde M. Smith. 1928. Thirty-five 
cents. 

Bulletin No. 185. A Study of the Failure of Concrete Under Combined Com- 
pressive Stresses, by Frank E. Richart, Anton Brandtzaeg, and Rex L. Brown. 1928. 
Pifiy-five cents. 

*Bulletin No. 186. Heat Transfer in Ammonia Condensers. Part II, by Alonzo 
| P. Kratz, Horace J. Macintire, and Richard E. Gould. 1928. Twenty cents. 
*Bulletin No. 187. The Surface Tension of Molten Metals. Part I, by Earl E. 
| Libman. 1928. Fifteen cents. 

*Bulletin No. 188. Investigation of Warm-Air Furnaces and Heating Systems. 
_ Part III, by Arthur C. Willard, Alonzo P. Kratz, and Vincent 8. Day. 1928. Forty- 
fwe cents. 

Bulletin No. 189. Investigation of Warm-air Furnaces and Heating Systems. 
Part IV, by Arthur C. Willard, Alonzo P. Kratz, and Vincent 8S. Day. 1929. Siaty 
cent 


S. 
*Bulletin No. 190. The Failure of Plain and Spirally Reinforced Concrete in 
Compression, by Frank E. Richart, Anton Brandtzaeg, and Rex L. Brown. 1929. 
| Forty cents. 

Bulletin No. 191. Rolling Tests of Plates, by Wilbur M. Wilson. 1929. Thirty 

« cents. 

Bulletin No. 192. Investigation of Heating Rooms with Direct Steam Radiators 
Equipped with Enclosures and Shields, by Arthur C. Willard, Alonzo P. Kratz, 
Maurice K. Fahnestock, and Seichi Konzo. 1929. Forty cents. 

Bulletin No. 193. An X-Ray Study of Firebrick, by Albert E. R. Westman. 
1929. Fifteen cents. et 

*Bulletin No. 194. Tuning of Oscillating Circuits by Plate Current Variations, 
_ by J. Tykocinski-Tykociner and Ralph W. Armstrong. 1929. Twenty-five cents. 
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Bulletin No. 195. The Plaster-Model Method of Determining Stresses Applied 
to Curved Beams, by Fred B. Seely and Richard V. James. 1929. Twenty cents. 

*Bulletin No. 196. An Investigation of the Friability of Different Coals, by Cloyde 
M. Smith. 1929. Thirty cents. : 
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Roads Suitable for Moderate Traffic, by Carroll C. Wiley. 1929. Thirty cents. 

*Bulletin No. 197. A Study of Fatigue Cracks in Car Axles. Part II, by Herbert 
F. Moore, Stuart W. Lyon, and Norville J. Alleman. 1929. Twenty cents. ; 

*Bulletin No. 198. Results of Tests on Sewage Treatment, by Harold E. Babbitt 
and Harry E. Schlenz. 1929. Fifty-five cents. ; ’ 

*Bullétin No. 199. The Measurement of Air Quantities and Energy Losses in 
Mine Entries. Part IV, by Cloyde M. Smith. 1929. Thirty cents. ‘ 

*Bulletin No. 200. Investigation of Endurance of Bond Strength of Various Clays 
in Molding Sand, by Carl H. Casberg and William H. Spencer. 1929. Fifteen cents. 

*Qircular No. 19. Equipment for Gas-Liquid Reactions, by Donald B. Keyes. 
1929. Ten cents. 

Bulletin No. 201. Acid Resisting Cover Enamels for Sheet Iron, by Andrew I. 
Andrews. 1929. ‘Twenty-five cents. 

Bulletin No. 202. Laboratory Tests of Reinforced Concrete Arch Ribs, by 
Wilbur M. Wilson. 1929. Fifty-five cents. 

*Bulletin No. 203. Dependability of the Theory of Concrete Arches, by Hardy 
Cross. 1929. Twenty cents. 

*Bulletin No. 204. The Hydroxylation of Double Bonds, by Sherlock Swann, Jr. 
1930. Ten cents. 

Bulletin No. 205. A Study of the Ikeda (Electrical Resistance) Short-Time Test 
for Fatigue Strength of Metals, by Herbert I’, Moore and Seichi Konzo. 1980. 
Twenty cents. 

Bulletin No. 206. Studies in the Electrodeposition of Metals, by Donald B. 
Keyes and Sherlock Swann, Jr. 1930. Ten cents. 

*Bulletin No. 207. The Flow of Air Through Circular Orifices with Rounded 
Approach, by Joseph A. Polson, Joseph G. Lowther, and Benjamin J. Wilson. 1930. 
Thirty cents. 

“Circular No. 20. An Electrical Method for the Determination of the Dew-Point 
of Flue Gases, by Henry Fraser Johnstone. 1929. Fifteen cents. 

Bulletin No. 208. A Study of Slip Lines, Strain Lines, and Cracks in Metals 
Under Repeated Stress, by Herbert I. Moore and Tibor Ver. 1930. Thirty-five cents. 

Bulletin No. 209. Heat Transfer in Ammonia Condensers. Part III, by Alonzo 
P. Kratz, Horace J. Macintire, and Richard E. Gould. 1930. Thirty-five cents. 

Bulletin No. 210. Tension Tests of Rivets, by Wilbur M. Wilson and William A. 
Oliver. 1930. T'wenty-five cents. 

Bulletin No. 211. The Torsional Effect of Transverse Bending Loads on Channel 
Beams, by Fred B. Seely, William J. Putnam, and William L. Schwalbe. 1930. 
Thirty-fwe cents. 

Bulletin No. 212. Stresses Due to the Pressure of One Elastic Solid Upon 
Another, by Howard R. Thomas and Victor A. Hoersch. 1930. Thirty cents. 

_*Bulletin No. 213. Combustion Tests with Illinois Coals, by Alonzo P. Kratz and 
Wilbur J. Woodruff. 19380. Thirty cents. 

*Bulletin No. 214. The Effect of Furnace Gases on the Quality of Enamels for 
Sheet Steel, by Andrew I. Andrews and Emanuel A. Hertzell. 1930. Twenty cents. — 

*Bulletin No. 216. The Column Analogy, by Hardy Cross. 1930. ' Forty cents. — 

*Bulletin No. 216. Wmbrittlement in Boilers, by Frederick G. Straub. 1930. 
ie ie cents. 

ulletin No. 217. Washability Tests of Illinois Coals, by Alfred C. Callen and 
David R. Mitchell. 1930. Sixty cents. i 
_*Bulletin No. 218. The Friability of Illinois Coals, by Cloyde M. Smith. 1930, 
Fifteen cents. 

*Bulletin No. 219. Treatment of Water for Ice Manufacture, by Dana Burks, Jr. 

eee ipa oe 

ulletin No. 220. Tests of a Mikado-Type Locomotive Equipped with Nichol- 
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